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Waterproofing a deck, 271 
Widening a driveway, 147 
Window dimensions, 156 
Wire cutting, 622, 890, 1136 
Wiring, 961 
Wood scaffold, 888 


Consumer 

Amount spent on pets, 608 

Average price, 626 

Babysitting costs, 492 

Back-to-school spending, 203 

Better buy, 339, 427 

Beverage consumption, 185, 241, 528, 
666, 672 

Buying, 65, 75, 158 

Cell-phone plan, 185, 245, 250, 253 

Copy machine rental, 615-616, 654 

Cost, 234, 241, 246, 253, 259, 308, 314, 
333, 414, 423, 640-641, 644, 651, 
693, 980 

Cost of adult day care, 371 

Cost of gasoline, 239, 241 

Cost for moviegoers, 306-307 

Cruise cost, 466 

Discount, 319, 322, 338, 341, 342 

Eating out, 277 

Electric bills, 556 

Electrician visits, 646 

Electricity consumption, 764, 795 

Estimating cost, 226, 227, 229, 231 

First-class postage, 384 

Food dollars spent, 283, 387 

Food prices, 352, 1018, 1026, 1053 

Furnace repairs, 645 

Halloween spending, 700 

Health club coupon, 254 

Home cost comparison, 238, 245 

Lunch costs, 241 

Meat consumption, 233 

Microwave oven purchase, 34 

Mowing expense, 414 

Online price, 556 

Parking fees, 63, 625, 645, 647 

Phone rates, 645, 1044 

Price before sale, 621, 652, 694 

Price decrease, 492 

Prices, 625 

Purchasing, 9, 34, 59, 63, 236, 264-265 


Repair costs, 59 

Sale prices, 312, 319, 322, 338, 341 
Seafood consumption, 233, 250 
Spending in restaurants, 311 
Store credit on a return, 652 
Taxi fares, 626 

Telephone bills, 511 

Telephone service, 896 
Tipping, 310, 609, 626, 694 
Total cost, 53-54, 334-335 
Travel expenses, 308 

Unit price, 299 

UPS mailing costs, 382 

Van rental, 625 

Wireless service, 708 


Domestic 

Baking, 155, 965 

Cooking time, 982 

Cutco Cutlery, 157 

Iced brownies, 155 

Interior design project, 157 
Knitted scarf, 611-613 
Luncheon servings, 166 
Making book bags, 173 

Mural, 159 

Painting a decorative border, 173 
Pinking shears, 454 

Quilt design, 139 

Recipes, 158, 159, 173, 225, 298 
Ribbon needed to make a bow, 405 
Sewing, 153, 158, 172 

Socks from cotton, 593 
Tablecloth, 1138 

Upholstery fabric, 156 

Wash and wax floors, 1124 
Washing time, 990 


Economics 

Currency conversion, 185 

Dow Jones Industrial Average, 255, 
304-306 

Exchanging money, 271, 337, 340 

Housing costs, 62 

IRS driving allowance, 234, 245 

Meals tax, 338 

Property taxes, 245 

Real-estate values, 271 

Sales tax, 315, 316, 320, 321, 335, 338, 
341, 376, 405, 466, 622, 890 

Size of new homes, 609 

Stock loss, 527 

Stock market, 567 

Stock prices, 185, 224, 308, 495, 511, 521, 
528, 565, 626 

Ticketmaster stock, 230 

Tourist spending, 460 

Trade balance, 63 


Education 

Advanced Placement Exams, 3, 4 
Answering questions on a quiz, 983 
Art departments sharing clay, 298 
Associate's degrees, 61 

Bachelor's degrees, 61, 370 


Class size, 270, 509 

College course load, 645 

College enrollment, 59, 597 

College loans, 378 

College profile, 160 

College tuition, 239, 645 

Enrollment costs, 490 

Enrollment in Japanese classes, 152 

Exam scores, 376 

Foreign students, 309, 337, 377 

Grade point average, 347, 352, 381, 385 

Grading, 340, 352 

Graduate degrees, 272 

Instructors at Carney Community 
College, 66 

Level of education and media income, 154 

Postsecondary degrees, 278 

Private college costs, 730 

Public school enrollment, 605-606 

Reading assignment, 53 

Research paper, 153 

SAT score, 308 

School fundraiser, 39 

Student loans, 609 

Test questions, 627 

Test scores, 74, 309, 310, 338, 346, 381, 
385, 619, 626, 642, 643, 652, 920, 1028 


Engineering 

Chicago’s tallest buildings, 60 
Communication cable, 147-148 
Distance across a marsh, 454 
Distance across a river, 468 
Drilling activity, 61 

Electrical current, 597, 983 
Electrical wiring, 239 

Furnace output, 597 

Guy wire, 894, 1089, 1092, 1132, 1136 
Height of a hill, 468 

Height of a ranger station, 1083 
Height of a tower, 4, 890, 1177 
Height of a tree, 468 

Height of Taipei 101 in Taiwan, 4 
Oceanography, 437 

Pumping time, 983 

Renewable fuel, 610 

Road design, 892, 894 

Road grade, 692, 726 

Surveying distance, 1091 

Tallest building in the United States, 1 
Wind-power capacity, 10 


Environment 

Atlantic storms and hurricanes, 351 
Continental Divide, 1078 

Distance from lightning, 593, 597 
Earthquakes, 289 

Elevation, 495, 518, 519 

Great Lakes, 438 

Heat index, 358 

Hurricane damage, 240 

Lake level, 509 

Length of canals, 232 

Length of the Congo River in Africa, 4 
Longest rivers, 61 


Low points on continents, 519 

Melting snow, 383, 1158 

Mississippi River, 309 

Mountain peaks in the United States, 486 

Mountains in Peru, 210 

Niagara Falls, 746, 749 

Ocean depth, 518 

Pollution fine, 502 

Pond depth, 376, 646 

Record rainfall, 256 

Record snowfall, 257 

Recycling, 272, 277 

River discharge, 753 

Slope of Long’s Peak, 693 

Slope of a river, 692 

Snow to water, 270, 337 

Speed of a stream, 1135, 1139, 1140 

Tallest mountain, 485, 511 

Temperature extremes, 502, 515, 1198 

Temperatures, 154, 155, 494, 495, 502, 
511, 519, 521, 528, 568, 672 

Tornados, 94, 351 

Tree supports, 901 

Waste generated, 386 

Wasting water, 1193 

Water contamination, 753 

Wilderness areas, 8 

Wildfires, 220 

Wind chill temperature, 1053 

Wind speed, 1139 

Windy cities, 223 

World’s highest waterfalls, 71 


Finance 

Account balance, 65, 512 

Budgeting, 99, 153, 388, 654 

Change received, 242 

Change for a yard sale, 627 

Charitable contributions, 654 

Checking account balance, 52, 59, 99, 
191-192, 195, 243, 250, 253, 518, 520, 
528, 565 

Coin value, 1023, 1027 

Compound interest, 324, 325, 326, 330, 
336, 339, 341, 342, 400, 805 

Credit cards, 313, 327-328, 331, 339, 342, 
512, 518, 626 

Debit card transactions, 232 

Debit IDs, 610 

Effective yield, 331 

Estate left to children, 156 

Food expenditure, 683 

Home improvement loan, 65 

Incorrect bill, 652 

Inheritance, 239, 466 

Interest, 626, 980 

Interest rate, 274, 980, 1030 

Investment, 556, 656, 1026, 1136 

Loan payments, 59, 65, 234-235, 243, 367 

Lottery, 241 

Money borrowed, 1090 

Money remaining, 243, 492, 575 

Mortgage payment increase, 311 

Overdraft fees, 313 

Peer-to-peer loans, 220 


Savings account, 239, 654 

Savings increase, 311 

Simple interest, 323, 329, 336, 339, 341, 
400, 405, 490, 620 

Tax refund, 502 

Total amount due, 323-324, 329, 336, 339 

Total assets, 565 

Travel funds, 239 


Food 

Americans eating chocolate, 249 

Apples, 627, 768 

Brussels sprouts, 352 

Butter temperatures, 641 

Candy bar, 104 

Cereal, 153, 271, 355-356, 556, 1156 

Cheddar cheese, 352 

Chocolate bars, 152, 385 

Chocolate desserts, 370 

Coffee, 964, 1027 

Eggs, 244, 339, 350, 732, 1188 

Favorite ice cream, 289, 338 

Frozen fruit drinks, 257 

Fruit juice, 375 

Fruit salad, 146 

Game snacks, 239 

Gelatin-mix packages, 1188 

Ham servings, 236, 340 

Hamburger, 1182 

Ice-cream roll-up cake, 106 

Icing, 155 

Mixing food or drinks, 154, 157, 
1021-1022, 1028, 1030, 1041 

Oatmeal, 380 

Pizza, 817, 989, 1140 

Pork servings, 466 

Sandwiches, 613, 743 

Servings of cheesecake, 153 

Servings of fish, 195 

Servings of tuna, 154 

Steak servings, 981 

Thanksgiving dinner, 340 

Truffles, 143 

Tuna and salmon sales, 336 

Turkey servings, 173, 981 

Veggie burgers, 357 

Warehouse storing nuts, 768 

Wasting food, 277 

Weight of meat, 157 

Wheel of cheese, 155 


Geometry 

Angle measures, 622, 890 

Angles of a triangle, 618, 625, 651, 743, 
840, 854, 1035, 1090 

Area not covered by a rug, 151 

Area of a circular region, 421, 422, 423, 
735, 740 

Area of a field, 414 

Area of a kite, 411 

Area of a lot, 243 

Area of a parallelogram, 490 

Area of a rectangular region, 23-24, 36, 
49, 54, 64, 99, 101, 176, 236, 241, 243, 
411, 476, 487, 645, 743 


Index of Applications xi 


Area of a sidewalk, 414 

Area of a square region, 414, 421, 422, 740 

Area of a triangle, 490, 581, 646 

Area of states, 4, 75, 223, 606 

Area of the Pacific Ocean, 9 

Building area, 416 

Circumference of a circle, 422, 423 

Complementary angles, 1029, 1035, 
1041, 1053 

Congruent segments and angles of a 
national flag, 459 

Congruent sides of a kite, 459 

Diagonal of a soccer field, 1092, 1132 

Diagonal of a square, 1090, 1092 

Diagonals of a polygon, 1106-1107, 1109 

Diameter of a circle, 422 

Dimensions of a closed box, 896 

Dimensions of a quarter, 423 

Dimensions of a rectangular box, 437 

Dimensions of a rectangular region, 239, 
616-617, 624, 818, 884, 890, 891, 902, 
904, 960, 1004, 1005, 1006, 1017, 1041, 
1043, 1133, 1136, 1137, 1138, 1166 

Dimensions of a sail, 885, 892 

Dimensions of a state, 651, 1006 

Dimensions of a triangle, 890, 891, 901, 
904, 920, 1035, 1136 

Dimensions of an open box, 896 

Golden rectangle, 1140 

Greenhouse dimensions, 139 

Height of a telephone pole, 896 

Lawn area, 414, 772 

Length ofa side of a square, 901, 960 

Lengths of a rectangle, 654, 1090 

Margin area, 414 

Office space area, 41 

Open cardboard container, 102 

Perimeter of a baseball diamond, 18, 757 

Perimeter of a figure, 13, 17, 49 

Perimeter of an octagonal swimming 
pool, 13 

Perimeter of a rectangular region, 13, 18, 
64, 99, 101, 157, 241, 402, 403, 404, 
405, 466, 476, 556, 622, 645, 654, 896, 
973, 1090 

Perimeter of a square, 402, 403 

Perimeter of a triangle, 645 

Radius of a circle, 417 

Right triangle geometry, 889, 893, 1134, 
1136, 1138, 1163 

Storage area dimensions, 1061 

Supplementary angles, 1028, 1035, 1041, 
1044, 1053 

Surface area of a box, 785, 820 

Surface area of a cube, 597 

Surface area of a right circular 
cylinder, 802 

Surface area of a silo, 802 

Triangle ratios, 257 

Triangular sail, 415 

Volume of a box, 785, 820 

Volume of a cone, 437, 466 

Volume of a cord of wood, 429 

Volume of a cube, 438, 785 

Volume of a cylinder, 436, 437, 466 

Volume of a gas tank, 433 


xii Index of Applications 


Volume of a rectangular solid, 429, 482 
Volume of a sphere, 432, 436, 438, 466 
Volume of a water tank, 437 

Width of a pool sidewalk, 896 

Width of a rectangle, 622, 652, 890 
Width of the margins in a book, 902 


Government 

Foreign visits by Presidents, 363 

Patents issued, 313 

Political spending, 752 

Presidential assassinations in 
office, 302 

Women in Congress, 275 

Young voters, 733, 752 


Health/Medicine 

Addiction help, 378 

Aerobic exercise, 700 

Birth weights, 162, 179 

Blood alcohol level, 272, 274 

Blood types, 272 

Body temperature, 241, 245, 644 

Caffeine, 60 

Calories, 101, 243, 246, 263, 556, 598, 
600, 797, 1163 

Cancer survival, 278 

Causes of spinal cord injuries, 378 

Childhood cancer, 364-365 

Cholesterol, 166 

Cholesterol level and risk of a heart 
attack, 1159 

Cough syrup, 1029 

Decline of tuberculosis cases, 610 

Decreased smoking, 689-690 

Desirable body weights, 386 

Doses of an antibiotic, 144 

Fitness program, 153 

Handshakes and germs, 821, 892-893 

Health technology spending, 609 

Heights, 59, 157, 353, 556, 610 

Hemoglobin, 964 

Impulses in nerve fibers, 268, 956 

Injections of medication, 233 

Length of pregnancy, 353 

Life expectancy, 10, 180 

Lung capacity, 801 

Medical dosage, 758, 1185, 1187, 1188, 

1191, 1193 

Medicine capsule, 433 

Minimum daily vitamin 

requirements, 285 

Mortality from heart attack, 1136 

Mosquito netting and malaria, 389, 410 

Nutrition, 250, 355-356, 357, 641-642, 645 

Older patients, 672 

Organ transplants, 283, 341, 708 

Overweight Americans, 270 

Prescriptions, 338, 344-345, 727 

Prevalence of diabetes, 270 

Protein, 964 

Recommended dosage, 264 

Reduced fat foods, 646, 647 

Rehabilitation program, 130 

Stroke victims, 1136 

Transplant waiting list, 310 


Veterinary care, 288 

Water output through sweating, 338 
Weight gain of a puppy, 646 

Weight loss, 56-57, 66, 244, 312, 527 
Without health insurance, 280 


Labor 

Commission, 317-318, 321, 322, 335, 
338, 341, 342, 405, 425, 651 

Community colleges and new jobs, 
50-51 

Construction pay, 244 

Doctor’s salaries, 310 

Earnings, 173, 382, 492 

Employer payroll, 1030 

Employment increase or decrease, 537 

Employment outlook, 606, 610 

Fast-food cooks, 311 

Federal payroll, 3 

Hours worked, 157 

Job opportunities, 342, 652, 653 

Lawn mowing, 308 

Manufacturing jobs, 694 

Pharmacists, 313 

Rate of pay, 259, 332 

Realtor income, 671 

Salary, 5, 309, 339, 349, 492, 652 

Sick leave used for family issues, 275 

Spreadsheet, 60 

Summer work, 244 

Take-home paycheck, 243 

U.S. armed forces, 311, 384 

Vacation days, 152 

Wages, 250, 980, 982, 990 

Women in the labor force, 293 

Work recycling, 954 

Work time, 980, 982, 1035 

Working alone, 967, 992 

Working online, 274 

Working together, 961, 962, 989 


Miscellaneous 

Actual time in a day, 1197 

Ancient Chinese math problem, 1042 

Apartment numbers, 624 

Apparent size, 983 

Batteries, 231 

Book circulation, 388 

Bookshelves in an office, 66 

Brushing teeth, 160 

Bucket holding water, 159 

City park space, 609 

Coin mixture, 1090, 1136 

Coin tossing, 220 

Contemporary art, 1092 

Counterfeit money, 240 

Crayons, 130 

Distance to the horizon, 1128 

Dog ownership, 152 

Drawing a card from a deck, 
1245, 1247 

Elevators, 720, 730 

Envelope size, 644 

Extension cords, 153 

Filling time for a pool, 960 

Flower vase capacity, 170 


Flywheel revolutions, 336 

Furnishings, 891 

Gasoline tank capacity, 159, 170 

Glasses or contacts, 1246 

Graduation gifts, 608 

Gun ownership, 362 

Gypsy-moth tape, 422 

Hands on a clock, 967 

Hat sizes, 965 

Height of a flagpole, 464, 
468, 959 

Identity fraud, 200, 203 

Junk mail, 609 

Koi pond, 150-151 

Landscaping, 143 

Lawn watering, 268, 336 

Lincoln-head pennies, 99 

Locker numbers, 622, 1136 

Loops in a spring, 144 

Magic tricks, 152 

Mailing labels, 64 

Memorizing words, 765 

Oak log, 436 

Package size, 644 

Package tape, 556 

Page numbers, 743, 887, 893 

Paper measures, 63 

Picture frame, 1138 

Pool dimensions, 1137 

Post for a pier, 160 

Post office box numbers, 624 

Prime time for bank crimes, 372 

Raffle tickets, 152, 654 

Raking, 961 

Rolling dice, 1244, 1245, 1247 

Selecting a marble from a bag, 1245, 1247 

Selecting a number, 1246 

Set of weights, 312 

Shark attacks, 257-258 

Sighting to the horizon, 1082, 1083, 
1085, 1100 

Skateboard ramp, 1045, 1089, 1092 

Slope of a treadmill, 692 

Snow removal, 726, 961, 1090 

Sodding a yard, 952-953 

Staplers, 101 

Statue of Liberty, 624 

Stone bench, 155 

Suntan lotion, 1029 

Surface area of Earth covered by 
water, 272 

Thermos capacity, 176 

Thickness of boards and glue, 225 

Ticket numbers, 624 

Time length, 1197 

Time loss on a watch, 340 

Trash, 337, 436, 978-979 

Typing speed, 82 

Unclaimed coins from security check 
points, 215 

Unclaimed prizes, 214 

Volume of mail, 306 

Water flow of a fire hose, 1051 

Window cleaner, 1041 

Winterizing a swimming pool, 157 

World’s tallest man, 1176 


Physics 
Altitude of a launched object, 801 
Falling object, 1101, 1115, 1117, 
1118, 1163 
Height of a projectile, 1148 
Periods of pendulums, 1068 
Pressure at sea depth, 1157 
Rocket launch, 895 
Speed of light, 66, 268, 964 
Speed of sound, 268 
Temperature as a function 
of depth, 1157 
Torricelli’s theorem, 1129 
Wavelength of a musical note, 598 
Wavelength of red light, 754 
Wheel revolutions, 246 


Social Sciences 

Age, 624, 1028, 1041 

Arrests for counterfeiting, 840 

Banquet attendance, 39 

Charity donations, 376 

Children in foster care, 374 

Dining together, 277 

Foreign adoptions, 341 

Fraternity or sorority membership, 622 

Friends sharing popcorn, 156 

Fundraiser attendance, 1061 

High-fives, 893 

Humane Society’s pie sale, 173 

Hurricane relief, 3 

Immigrant applications, 313 

Intelligence quotient, 1127 

International visitors, 671 

Languages, 9, 272 

Lengths of engagement of married 
couples, 375 

Linguistics, 1246 

Sociological survey, 1242-1243 

State highway beautification project, 155 

Toasting, 893 

Volunteering, 244, 646 


Sports/Entertainment 

Auto racing, 9 

Babe Ruth, 259 

Baseball, 18, 36, 71, 268, 271, 313, 423, 
757, 1025, 1156 

Basketball, 64, 405, 1025 

Batting averages, 243, 341, 346, 956 

Bicycling, 960 

Billiard tables, 404 

Boston Celtics points scored, 256 

Bowling, 432, 502 

Butterflies exhibit, 993, 1025 

Camping in national parks, 177, 214 

Carnival income, 1043 

College band, 59 

College football, 9 

Cost of sports stadiums, 380 

Cross-country skiing, 963 

Crossword puzzle, 61, 64 

Cycling posture, 391 

Diving, 528 

Drive-in movie theatres, 271 


Evan Longoria, 965 

“Everybody Loves Raymond” 
episodes, 64 

Fastest roller coasters, 618-619 

Field dimensions, 243, 1177 

Fly fishing, 148-149 

Football yardage, 495, 512, 565 

Game admissions, 1020 

Games in a sports league, 598, 757, 
886, 892 

Golf, 275, 437 

Gondola aerial lift, 728 

Grand Canyon Skyway, 1101, 1115 

Guitarist, 160 

Hang time, 1052 

Hank Aaron, 353 

High school basketball court, 64, 
617, 1007 

High school sports, 277 

Hiking, 165, 613-614 

Hockey, 18, 36, 490, 720 

Home runs, 346 

Ichiro Suzuki, 270 

Iditarod race, 624 

IMAX movie prices, 1019-1020 

Indianapolis 500, 149-150, 180 

“Jeopardy” game show, 494 

Jogging, 1037 

Lacrosse, 1006, 1100 

Marathon training, 376 

Marathoners’ numbers, 887 

Masters tournament scores, 383 

Men’s 10,000-meter run, 178 

Men’s 100-meter race, 215 

Mountain climbing, 130 

Movie theatre tickets, 623, 654 

NBA court, 616-617, 1007 

Nintendo Wii game system, 185 

Olympic marathon, 1176 

Olympic medal count, 4, 5 

Olympic swimming, 180 

Outdoor recreation, 377 

Paid admissions, 1026, 1041 

PGA champions by age, 383, 384 

Playing musical instruments, 460 

Pole vault pit, 241 

Pool tables, 24, 101 

Racing sailboat, 885 

Racquetball, 1006 

Record movie openings, 240 

Roller-rink floor, 423 

Rope course, 1092 

Run differential, 519 

Running, 614, 924, 1037 

Ryan Howard, 965 

Sailing, 894 

Scoring average, 346 

“Seinfeld” episodes, 64 

Skiing, 647, 688, 1044 

Skydiving, 763 

Soap Box Derby, 258 

Soccer, 275, 1006, 1132 

Softball, 1007 

Stair-climbing races, 7 

Summer Olympics, 63 

Swimming pool, 423, 890 
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Table tennis, 23-24 

Television ratings, 1243 

Tennis, 436, 437, 476 

Ticket line, 1044 

Ticket sales, 1026 

Touchdown passes, 356, 368 

Trampoline, 99, 423 

Travel posters, 235-236 

Tri-oval track at Daytona International 
Speedway, 1177 

TV time, 1090 

TV watching, 61 

Vertical leaps, 165 

Video games, 276, 502 

Walking, 176, 308, 342, 963, 964, 1037 

Weight of wrestlers, 214 

World running records, 644, 1166 

Zoo admissions, 1025 


Statistics/Demographics 

Age 65 and older, 277, 310 

Age 75 and older, 267 

Americans 18 and older who smoke, 285 
Area of Lake Ontario, 623 

Area of Russia, 249 

Boundaries between countries, 61 
Change in population, 308 

Chinese visitors to the United States, 605 
Colonial population, 62 

Foreign visitors to China, 605 
Foreign-born population, 277, 683 
Highway fatalities, 313 

Island population, 622 

Lawyers in Chicago, 337 

Living veterans, 311 

Longevity beyond age 65, 373 

Most populous countries in the world, 2 
Museums in the United States, 171 
Population decrease, 314, 528, 568 
Population density, 268, 354-355 
Population growth, 314, 693 

Population of Cleveland, 159 
Population of continents, 94, 341, 378 
Population of India, 159 

Population of states, 158, 702 


Xiv Index of Applications 


Population of the United States, 752 

Population projections, 8 

Senior population, 654 

U.S. population by age category, 284, 
365, 381 

Under 15 years old, 310, 672 

Working statistics for U.S. 
households, 278 

World population, 5, 244, 309, 656, 
664-665 


Technology 

Calculator design, 891 
CD-ROM memory, 819 
Computer megahertz, 981 
Computer workstation, 99 
Computer's storage capacity, 753 
Digital prints, 1025 

E-mail and spam, 199, 200 
HDTV screen, 258, 1137 
Internet users, 272 
Low-cost laptops, 203 
Office printers, 962 

Pixels, 61 

Smart TV market, 608 

Text messages, 203 


Transportation 

Airplane descent, 1097 

Airplane speed, 989 

Airplane travel, 1034, 1036, 1037, 1041 

Airport distance, 1091 

Aviation, 894 

Bicycle speed, 960, 963, 974 

Bicycling, 152, 271 

Boat speed, 963, 1139, 1140, 1166 

Boat travel, 1033-1034 

Buses needed for a field trip, 41 

Busiest airports, 8, 253 

Canoe travel, 1036, 1061 

Car speed, 962, 963, 967, 977 

Car travel, 1031-1032, 1033, 1035, 1036, 
1037, 1041, 1090, 1136 

Commuting time, 371, 490 

Cruise vacations, 318 


Cycling distance, 960 

Distance between cities, 333, 1177 

Distance from a city, 156, 195 

Distance traveled, 52-53, 147, 150, 490, 
492,575, 581, 1098 

Driving speed, 955, 963, 992 

Driving time, 983 

Grade of transit system, 655, 693 

Highway driving, 242, 268 

International tourists to Beijing, 372 

Interstate mile markers, 614-615, 651 

Interstate speed limits, 62 

Kayak speed, 1134-1135 

Length of trip, 173 

Lindbergh’s flight, 1037 

Luggage, 429 

Map drawing, 65 

Map scaling, 154, 271, 340 

Mass transit, 312, 623 

Miles driven, 241, 346 

Miles of railroad track, 312 

Motorboat travel, 1037, 1043 

Motorcycle travel, 488, 1037 

Navigation, 731 

Passengers arriving and leaving airports 
on trains and buses, 273 

Passports, 252 

Predicting total distance, 263 

Rail miles, 376 

Rate (speed), 259, 268, 299 

Riding a Segway®, 154 

River cruising, 1037 

Seating configuration on airplanes, 66 

Submarine, 495 

Subway ridership, 98 

Top American sky routes, 240 

Tractor speed, 963 

Train speed, 962, 963, 989 

Train travel, 337, 730, 992, 
1032-1033, 1036 

Transportation to work, 302-303 

Travel time, 979 

Truck travel, 1036 

Trucking speed, 963 

Vacation miles, 376 


Welcome to Developmental Mathematics: College Mathematics and 
Introductory Algebra. Having a solid grasp of the mathematical skills 
taught in this book will enrich your life in many ways, both personally and 
professionally, including increasing your earning power and enabling you to 
make wise decisions about your personal finances. 


As we wrote this text, we were guided by the desire to do everything 
possible to help you learn its concepts and skills. The material in this book 
has been developed and refined with feedback from users of the seven pre- 
vious editions so that you can benefit from their class-tested strategies 
for success. Regardless of your past experiences in mathematics courses, 
we encourage you to consider this course as a fresh start and to approach 
it with a positive attitude. 


One of the most important things you can do to ensure your success 
in this course is to allow enough time for it. This includes time spent in 
class and time spent out of class studying and doing homework. To help 
you derive the greatest benefit from this textbook, from your study time, 
and from the many other learning resources available to you, we have 
included an organizer card at the front of the book. This card serves as a 
handy reference for contact information for your instructor, fellow 
students, and campus learning resources, as well as a weekly planner. It 
also includes a list of the Study Tips that appear throughout the text. You 
might find it helpful to read all of these tips as you begin your course work. 


Knowing that your time is both valuable and limited, we have designed 
this objective-based text to help you learn quickly and efficiently. You 
are led through the development of each concept, then presented with one 
or more examples of the corresponding skills, and finally given the opportu- 
nity to use these skills by doing the interactive margin exercises that 
appear on the page beside the examples. For quick assessment of your 
understanding, you can check your answers with the answers placed at 
the bottom of the page. This innovative feature, along with illustrations 
designed to help you visualize mathematical concepts and the extensive 
exercise sets keyed to section objectives, gives you the support and 
reinforcement you need to be successful in your math course. 


To help apply and retain your knowledge, take advantage of the new 
Skill to Review exercises when they appear at the beginning of a section 
and the comprehensive mid-chapter reviews and the summary and reviews. 
Read through the list of supplementary material available to students 
that appears in the preface to make sure you get the most out of your 
learning experience, and investigate other learning resources that may be 
available to you. 


Give yourself the best opportunity to succeed by spending the time 
required to learn. We hope you enjoy learning this material and that you 
will find it of benefit. 


Best wishes for success! 
Marv Bittinger 
Judy Beecher 


Related Bittinger Paperback Titles 


e Bittinger: Fundamental College 
Mathematics, 5th Edition 

e Bittinger: Basic College 
Mathematics, 11th Edition 

e Bittinger/Penna: Basic College 
Mathematics with Early Integers, 
2nd Edition 

e Bittinger/Ellenbogen/Johnson: 
Prealgebra, 6th Edition 

e Bittinger: Introductory Algebra, 
11th Edition 

e Bittinger: Intermediate Algebra, 
11th Edition 

e Bittinger/Ellenbogen/Beecher/ 
Johnson, Prealgebra and Intro- 
ductory Algebra, 3rd Edition 

e Bittinger/Beecher: Introductory 
and Intermediate Algebra, 
4th Edition 


Accuracy 

Students rely on accurate textbooks, 
and our users value the Bittinger 
reputation for accuracy. All Bittinger 
titles go through an exhaustive 
checking process to ensure accuracy 
in the problem sets, mathematical 
art, and accompanying supplements. 
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New in This Edition 


To maximize retention of the concepts and skills presented, five highly effective review features 
are included in the 8th edition. Student success is increased when review is integrated through- 
out each chapter. 


Four Types of Integrated Review 


Skill to Review exercises, found at the beginning of most sections, link to a section objective. 
These exercises offer a just-in-time review of a previously presented skill that relates to new 
material in the section. For convenient studying, section and objective references are followed 
by two practice exercises for immediate review and reinforcement. Exercise answers are given 
at the bottom of the page for immediate feedback. 


Skill Maintenance Exercises, found in each exercise set, review concepts from other sections 
in the text to prepare students for their final examination. Section and objective references 
appear next to each Skill Maintenance exercise. All Skill Maintenance answers are included in 
the text. 


A Mid-Chapter Review reinforces understanding of the mathematical concepts and skills just 
covered before students move on to new material. Section and objective references are 
included. Exercise types include Concept Reinforcement, Guided Solutions, Mixed Review, and 
Understanding Through Discussion and Writing. Answers to all exercises in the Mid-Chapter 
Review are given at the back of the book. 


The Chapter Summary and Review at the end of each chapter is expanded to provide more 
comprehensive in-text practice and review. 


e Key Terms, Properties, and Formulas are highlighted, with page references for convenient 
review. 

¢ Concept Reinforcement offers true/false questions to enhance students’ understanding of 
mathematical concepts. 

e Important Concepts are listed by section objectives, followed by worked-out examples for 
reference and review and similar practice exercises for students to solve. 

e Review Exercises, including Synthesis exercises and two new multiple-choice exercises, are 
organized by objective and cover the whole chapter. 

¢ Understanding Through Discussion and Writing exercises strengthen understanding by 
giving students a chance to express their thoughts in spoken or written form. 


Section and objective references for all exercises are included. Answers to all exercises in the 
Summary and Review are given at the back of the book. 


Chapter Tests, including Synthesis questions and a new multiple-choice question, allow students 
to review and test their comprehension of chapter skills prior to taking an instructor's exam. 
Answers to all questions in the Chapter Tests are given at the back of the book. Section and 
objective references for each question are included with the answers. 


Other New Elements 


A new design enhances the Bittinger guided-learning approach. Margin exercises are now 
located next to examples for easier navigation, and answers for those exercises are given at the 
bottom of the page for immediate feedback. 


Content changes include streamlined coverage in Sections 1.2 and 1.3. Material on simple 
interest and compound interest has been moved from Section 4.7 to Section 4.8 in this edition. 
Appendix K, Inequalities and Interval Notation, and Appendix O, The Complex Numbers, are new 
to this edition. In addition, we have added over 240 new examples and 1900 new exercises. 


Hallmark Features 


Revised! The Bittinger Student Organizer card at the front of the text helps students keep track 
of important contacts and dates and provides a weekly planner to help schedule time for classes, 
studying, and homework. A helpful list of study tips found in each chapter is also included. 


New! Chapter Openers feature motivating real-world applications that are revisited later in 
the chapters. This feature engages students and prepares them for the upcoming chapter 
material. (See pages 103, 177, and 905.) 


New! Real-Data Applications encourage students to see and interpret the mathematics that 
appears every day in the world around them. (See pages 71, 257, 301, 354, 664, and 752.) Many 
applications are drawn from the fields of business and economics, life and physical sciences, 
social sciences, medicine, and areas of general interest such as sports and daily life. 


Study Tips appear throughout the text to give students pointers on how to develop good study 
habits as they progress through the course, encouraging them to get involved in the learning 
process. (See pages 11, 179, 546, and 875.) For easy reference, a list of all Study Tips, organized 
by category and page number, is included in the Bittinger Student Organizer. 


Algebraic-Graphical Connections To provide a visual understanding of algebra, algebraic— 
graphical connections are included in each chapter beginning with Chapter 9. This feature gives 
the algebra more meaning by connecting it to a graphical interpretation. (See pages 665, 879, 
and 997-998.) 


Caution Boxes are found at relevant points throughout the text. The heading “Caution!” alerts 
students to coverage of a common misconception or an error often made in performing a 
particular mathematics operation or skill. (See pages 112, 184, and 861.) 


Revised! Optional Calculator Corners are located where appropriate throughout the text. 
These streamlined Calculator Corners are written to be accessible to students and to repre- 
sent current calculators. A calculator icon indicates exercises suitable for calculator use. (See 
pages 190, 279, 555, and 666.) 


Immediate Practice and Assessment in Each Section 


OBJECTIVES == SKILL TO REVIEW =» EXPOSITION = EXAMPLES WITH DETAILED 
ANNOTATIONS AND VISUAL ART PIECES = MARGIN EXERCISES = EXERCISE SETS 


Objective Boxes begin each section. A boxed list of objectives is keyed by letter not only to section 
subheadings, but also to the section exercise sets and the Mid-Chapter Review and the Summary 
and Review exercises, as well as to the answers to the questions in the Chapter Tests. This 
correlation enables students to easily find appropriate review material if they need help with a 
particular exercise or skill at the objective level. (See pages 76, 178, and 582.) 


New! Skill to Review exercises, found at the beginning of most sections, link to a section 
objective and offer students a just-in-time review of a previously presented skill that relates to 
new material in the section. For convenient studying, objective references are followed by two 
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practice exercises for immediate review and reinforcement. Answers to these exercises are given 
at the bottom of the page for immediate feedback. (See pages 196, 287, and 695.) 


Revised! Annotated Examples provide annotations and color highlighting to lead students 
through the structured steps of the examples. The level of detail in these annotations is a signifi- 
cant reason for students’ success with this book. This edition contains over 240 new examples. 
(See pages 150, 584, and 1079.) 


Revised! The art and photo program is designed to help students visualize mathematical 
concepts and real-data applications. Many applications include source lines and feature graphs 
and drawings similar to those students see in the media. The use of color is carried out in a me- 
thodical and precise manner so that it conveys a consistent meaning, which enhances the read- 
ability of the text. For example, the use of both red and blue in mathematical art increases 
understanding of the concepts. When two lines are graphed using the same set of axes, one is 
usually red and the other blue. Note that equation labels are the same color as the correspond- 
ing line to aid in understanding. (See pages 55, 106, 312, 369, 689, 709, 952, and 1089.) 


Revised! Margin Exercises, now located next to examples for easier navigation, accompany 
examples throughout the text and give students the opportunity to work similar problems for 
immediate practice and reinforcement of the concept just learned. Answers are now available at 
the bottom of the page. (See pages 220, 583, and 1047.) 


Exercise Sets 

To give students ample opportunity to practice what they have learned, each section is fol- 
lowed by an extensive exercise set keyed by letter to the section objectives for easy review and 
remediation. In addition, students also have the opportunity to synthesize the objectives 
from the current section with those from preceding sections. For Extra Help icons, shown at 
the beginning of each exercise set, indicate supplementary learning resources that students 
may need. This edition contains over 1900 new exercises. 


e Skill Maintenance Exercises, found in each exercise set, review concepts from other sections 
in the text to prepare students for their final examination. Section and objective codes 
appear next to each Skill Maintenance exercise for easy reference. All Skill Maintenance 
answers are included in the text. (See pages 278, 694, and 1132.) 


¢ Vocabulary Reinforcement Exercises provide an integrated review of key terms that 
students must know to communicate effectively in the language of mathematics. These 
appear once per chapter in the Skill Maintenance portion of an exercise set. (See pages 160, 
713, and 895.) 


e Synthesis Exercises help build critical-thinking skills by requiring students to use what 
they know to synthesize, or combine, learning objectives from the current section with 
those from previous sections. These are available in most exercise sets. (See pages 75, 
610, and 796.) 


Mid-Chapter Review 

New! A Mid-Chapter Review gives students the opportunity to reinforce their understand- 
ing of the mathematical skills and concepts just covered before they move on to new material. 
Section and objective references are included for convenient studying, and answers to all the 
Mid-Chapter Review exercises are included in the text. The types of exercises are as follows: 


e Concept Reinforcement are true/false questions that enhance students’ understanding of 
mathematical concepts. These are also available in the Summary and Review at the end of the 
chapter. (See pages 131, 701, and 941.) 

e Guided Solutions present worked-out problems with blanks for students to fill in the correct 
expressions to complete the solution. (See pages 131, 701, and 941.) 

e Mixed Review provides free-response exercises, similar to those in the preceding sections in 
the chapter, reinforcing mastery of skills and concepts. (See pages 132, 701, and 941.) 
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e Understanding Through Discussion and Writing lets students demonstrate their under- 
standing of mathematical concepts by expressing their thoughts in spoken and written 
form. This type of exercise is also found in each Chapter Summary and Review. (See 
pages 132, 702, and 942.) 


Matching Feature 

Translating for Success problem sets give extra practice with the important “Translate” step of 
the process for solving word problems. After translating each of ten problems into its appropri- 
ate equation or inequality, students are asked to choose from fifteen possible translations, 
encouraging them to comprehend the problem before matching. (See pages 239, 622, and 1035.) 


Visualizing for Success problem sets ask students to match an equation or inequality with its 
graph by focusing on characteristics of the equation or inequality and the corresponding attri- 
butes of the graph. This feature appears at least once in each chapter that contains graphing in- 
struction and reviews graphing skills and concepts with exercises from all preceding chapters. 
(See pages 718, 792, and 1145.) 


End-of-Chapter Material 

Revised! The Chapter Summary and Review at the end of each chapter is expanded to 
provide more comprehensive in-text practice and review. Section and objective references 
and answers to all the Chapter Summary and Review exercises are included in the text. 
(See pages 167, 648, and 813.) 


e Key Terms, Properties, and Formulas are highlighted, with page references for convenient 
review. (See pages 167, 648, and 813.) 


e Concept Reinforcement offers true/false questions to enhance student understanding of 
mathematical concepts. (See pages 167, 648, and 813.) 


e New! Important Concepts are listed by section objectives, followed by a worked-out 
example for reference and review and a similar practice exercise for students to solve. 
(See pages 167-170, 648-650, and 813-816.) 


e Review Exercises, including Synthesis exercises and two new multiple-choice exercises, 
covering the whole chapter are organized by objective. (See pages 170-174, 650-652, and 
816-818.) 


¢ Understanding Through Discussion and Writing exercises strengthen understanding by 
giving students a chance to express their thoughts in spoken or written form. (See pages 
174, 652, and 818.) 


Chapter Tests, including Synthesis questions and a new multiple-choice question, allow stu- 
dents to review and test their comprehension of chapter skills prior to taking an instructotr’s 
exam. Answers to all questions in the Chapter Test are given at the back of the book. Section 
and objective references for each question are included with the answers. (See pages 175, 340, 
and 991.) 
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For Extra Help 


Student Supplements Instructor Supplements 


New! MyWorkBook (ISBN: 978-0-321-73090-9) Annotated Instructor’s Edition (ISBN: 978-0-321-73082-4) 


MyWorkBook can be packaged with the textbook or with the Includes answers to all exercises printed in blue on the same 
MyMathLab access kit and includes the following resources page as the exercises. Also includes the student answer 
for each section of the text: section, for easy reference. 


Key vocabulary terms and vocabulary practice problems 
Instructor’s Solutions Manual (ISBN: 978-0-321-73080-0) 


Guided examples with stepped-out solutions and similar : 
By Judith Penna 


practice exercises, keyed to the text by learning objective 
References to textbook examples and section lecture videos Contains brief solutions to the even-numbered exercises in 
for additional help the exercise sets. Also includes fully worked-out annotated 
solutions for all the exercises (odd- and even-numbered) in 
the Mid-Chapter Reviews, the Summary and Reviews, and the 
Chapter Tests. 


Additional exercises with ample space for students to 
show their work, keyed to the text by learning objective 


Student’s Solutions Manual (ISBN: 978-0-321-73157-9) 

By Judith Penna 

Contains completely worked-out annotated solutions for all 
the odd-numbered exercises in the text. Also includes fully 
worked-out annotated solutions for all the exercises (odd- and e Features resources and teaching tips designed to help both 
even-numbered) in the Mid-Chapter Reviews, the Summary new and adjunct faculty with course preparation and 

and Reviews, and the Chapter Tests. classroom management. 


Instructor’s Resource Manual with Printed Test Forms 
(ISBN: 978-0-321-73085-5) 
By Laurie Hurley 


New! Includes a mini-lecture for each section of the text 
Chapter Test Prep Videos with objectives, key examples, and teaching tips. 


Chapter Tests can serve as practice tests to help you study. Additional resources include general first-time advice, sam- 
Watch instructors work through step-by-step solutions to ple syllabi, teaching tips, collaborative learning activities, 

all the Chapter Test exercises from the textbook. These videos correlation guide, video index, and transparency masters. 
are available on YouTube (search using BittingerDevMath) Contains one diagnostic test, plus two cumulative tests per 
and in MyMathLab. They are also included on the Video chapter, beginning with Chapter 2. 

Resources on DVD described below and available for Provides eight test forms for every chapter and six test 
purchase at www.MyPearsonStore.com. forms for the final exam. 


. . : For the chapter tests, four free-response tests are modeled 
Video Resources on DVD Featuring Chapter Test Prep Videos after the chapter tests in the main text, two test forms are 


(ISBN: 978-0-321-73084-8) designed for a 50-minute class period, and two test forms 


Complete set of lectures covering every objective of every are multiple-choice. 
section in the textbook For the final exam, four test forms are free-response and 


Complete set of Chapter Test Prep videos (see above) two are multiple-choice. 

All videos include optional English and Spanish subtitles Also includes extra practice exercises for select sections. 
Ideal for distance learning or supplemental instruction 

DVD-ROM format for student use at home or on campus 


InterAct Math Tutorial Website (www.interactmath.com) 


Get practice and tutorial help online! This interactive tutorial 
website provides algorithmically generated practice exercises 
that correlate directly to the exercises in the textbook. Students 
can retry an exercise as many times as they like with new 
values each time for unlimited practice and mastery. Every 
exercise is accompanied by an interactive guided solution that 
provides helpful feedback for incorrect answers, and students 
can also view a worked-out sample problem that steps them 
through an exercise similar to the one they’re working on. 
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Additional Media Supplements 
MyMathLab |) MyMathLab® Online Course (access code required) 


MyMathLab® is a text-specific, easily customizable online course that integrates interactive mul- 
timedia instruction with textbook content. MyMathLab gives you the tools you need to deliver all 
or a portion of your course online, whether your students are in a lab setting or working from 
home. 


e Interactive homework exercises, correlated to your textbook at the objective level are algo- 
rithmically generated for unlimited practice and mastery. Most exercises are free-response 
and provide guided solutions, sample problems, and tutorial learning aids for extra help. 


e Personalized homework assignments that you can design to meet the needs of your class are 
included. MyMathLab tailors the assignment for each student on the basis of their test or 
quiz scores. Each student receives a homework assignment that contains only the problems 
he or she still needs to master. 


¢ Personalized Study Plan, generated when students complete a test or quiz or homework, 
indicates which topics have been mastered and links to tutorial exercises for topics students 
have not mastered. You can customize the Study Plan so that the topics available match your 
course content. 


e Multimedia learning aids, such as video lectures and podcasts, animations, interactive 
games, and a complete multimedia textbook, help students independently improve their un- 
derstanding and performance. You can assign these multimedia learning aids as homework 
to help your students grasp the concepts. 


¢ Homework and Test Manager lets you assign homework, quizzes, and tests that are auto- 
matically graded. Select just the right mix of questions from the MyMathLab exercise bank, 
instructor-created custom exercises, and/or TestGen® test items. 


¢ Gradebook, designed specifically for mathematics and statistics, automatically tracks stu- 
dents’ results, lets you stay on top of student performance, and gives you control over how to 
calculate final grades. You can also add offline (paper-and-pencil) grades to the gradebook. 


e MathXL Exercise Builder allows you to create static and algorithmic exercises for your on- 
line assignments. You can use the library of sample exercises as an easy starting point, or you 
can edit any course-related exercise. 


e Pearson Tutor Center (www.pearsontutorservices.com) access is automatically included with 
MyMathLab. The Tutor Center is staffed by qualified math instructors who provide textbook- 
specific tutoring for students via toll-free phone, fax, email, and interactive Web sessions. 


Students do their assignments in the Flash®-based MathXL Player, which is compatible with al- 
most any browser (Firefox®, Safari™, or Internet Explorer®) on almost any platform (Macintosh® 
or Windows®). MyMathLab is powered by CourseCompass™, Pearson Education’s online teach- 
ing and learning environment, and by MathXL®, our online homework, tutorial, and assessment 
system. MyMathLab is available to qualified adopters. For more information, visit 
www.mymathlab.com <http://www.mymathlab.com/> or contact your Pearson representative. 


Math:xyp MathXL® Online Course (access code required) 


MathXL® is a powerful online homework, tutorial, and assessment system that accompanies 
Pearson Education's textbooks in mathematics or statistics. 


With MathXL, instructors can 


° create, edit, and assign online homework and tests using algorithmically generated exercises 
correlated at the objective level to the textbook. 

¢ create and assign their own online exercises and import TestGen tests for added flexibility. 

e maintain records of all student work tracked in MathXL’s online gradebook. 
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With MathXL, students can 


e take chapter tests in MathXL and receive personalized study plans and/or personalized 
homework assignments based on their test results. 

e use the study plan and/or the homework to link directly to tutorial exercises for the objectives 
they need to study. 

e access supplemental animations and video clips directly from selected exercises. 


MathxXL is available to qualified adopters. For information, visit our website at www.mathxl.com, 
or contact your Pearson representative. 


TestGen® (www.pearsoned.com/testgen) enables instructors to build, edit, and print tests using 
a computerized bank of questions developed to cover all the objectives of the text. TestGen is 
algorithmically based, allowing instructors to create multiple but equivalent versions of the 
same question or test with the click of a button. Instructors can also modify test bank questions 
or add new questions. The software and test bank are available for download from Pearson 
Education's online catalog. 


PowerPoint® Lecture Slides present key concepts and definitions from the text. Slides are 
available to download from within MyMathLab and from Pearson Education's online catalog. 


Pearson Math Adjunct Support Center (www.pearsontutorservices.com/math-adjunct.html) is 
staffed by qualified instructors with more than 100 years of combined experience at both the 
community college and university levels. Assistance is provided for faculty in the following areas: 
suggested syllabus consultation, tips on using materials packed with your book, book-specific 
content assistance, and teaching suggestions, including advice on classroom strategies. 


xxii Preface 


Acknowledgments 


Our deepest appreciation to all of you who helped to shape the 8th Edition of Developmental 
Mathematics by reviewing and spending time with us on your campuses. In particular, we 
would like to thank the following reviewers: 


Galen Adams, Texas State Technical College, Harlingen 
Kim Banks, Florence Darlington Technical College 
Alfred Basta 

Jerry Becan, University of Texas, San Antonio 

Susan Haley, Florence Darlington Technical College 
Donna Harbin, Maui Community College 

Greg Millican, Northeast Alabama Community College 
Suzette Takas, Central Arizona College 


The endless hours of hard work by Martha Morong and Geri Davis have led to products of 
which we are immensely proud. We also want to thank Judy Penna for writing the Student's and 
Instructor’s Solutions Manuals and for her strong leadership in the preparation of the printed 
supplements and the index. Other strong support has come from Laurie Hurley for the Instruc- 
tor’s Resource Manual with Printed Test Forms and for accuracy checking, along with checker 
Holly Martinez and proofreader Patty LaGree. Michelle Lanosga assisted with applications 
research, and Becky Troutman provided the glossary and the index of applications. We also 
wish to recognize Tom Atwater and Patty Schwarzkopf, who wrote video scripts and presented 
videos along with Margaret Donlan, Clem Vance, and authors Judy Penna, Barbara Johnson, 
and David Ellenbogen. 


In addition, a number of people at Pearson have contributed in special ways to the develop- 
ment and production of this textbook, including the Developmental Math team: Vice Presi- 
dent, Executive Director of Development Carol Trueheart, Senior Development Editor Dawn 
Nuttall, Production Manager Ron Hampton, Senior Designer Beth Paquin, Associate Content 
Editor Christine Whitlock, Assistant Editor Jonathan Wooding, and Associate Media Producer 
Nathaniel Koven. Executive Editor Cathy Cantin and Executive Marketing Manager Michelle 
Renda encouraged our vision and provided marketing insight. Kari Heen, Executive Content 
Editor, deserves special recognition for overseeing every phase of the project and keeping it 
moving. 


Preface Xxili 


This page intentionally left blank 


CHAPTER 


Whole Numbers 


1.1. Standard Notation; Order 
1.2 Addition and Subtraction 


1.3 Multiplication and Division; 
Rounding and Estimating 


1.4 Solving Equations 

MID-CHAPTER REVIEW 

1.5 Applications and Problem Solving 
TRANSLATING FOR SUCCESS 


1.6 Exponential Notation and 
Order of Operations 

1.7 Factorizations 

1.8 _ Divisibility 

1.9 Least Common Multiples 


ima 


AMAA 


SUMMARY AND REVIEW 
TEST 


Real-World Application 


Kingda Ka, in Six Flags Great Adventure, New Jersey, and Top Thrill Dragster, in Cedar 
Point, Ohio, are the two fastest roller coasters in the world. Kingda Ka is 3118 ft long, 
and Top Thrill Dragster is 2800 ft long. How much longer is Kingda Ka than Top Thrill 
Dragster? 


Source: ultimaterollercoaster.com 


This problem appears as Exercise 1 in Section 1.5. 


TO THE STUDENT 


At the front of the text, you will 
find the Bittinger Student 
Organizer card. This pullout card 
will help you keep track of 
important dates and useful 


contact information. You can 


also use it to plan time for class, 
study, work, and relaxation. By 
managing your time wisely, you 
will provide yourself the best 
possible opportunity to be 
successful in this course. 


What does the digit 2 mean in each 
number? 


1. 526,555 

2. 265,789 

3. 42,789,654 
4. 24,789,654 
5. 8924 


6. 5,643,201 


Answers 


1. 2tenthousands 2. 2 hundred thousands 
3. 2millions 4. 2tenmillions 5. 2 tens 
6. 2 hundreds 


2 CHAPTER 1 Whole Numbers 


We study mathematics in order to be able to solve problems. In this section, 
we study how numbers are named. We begin with the concept of place value. 


(a) Place Value 


Consider the numbers in the following table. 


Three Most Populous Countries in the World 


COUNTRY | POPULATION 2008 


China 1,331,074,881 
India 1,150,101,887 
United States 304,849,937 


SOURCE: msnu.edu 


A digit is a number 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9 that names a place-value 
location. For large numbers, digits are separated by commas into groups of 
three, called periods. Each period has a name: ones, thousands, millions, bil- 
lions, trillions, and so on. To understand the population of India in the table 
above, we can use a place-value chart, as shown below. 


PLACE-VALUE CHART 


1 billion 150 millions 101 thousands 887 ones 


' EXAMPLES Ineach of the following numbers, what does the digit 8 mean? 


1. 278,342 8 thousands 

2. 872,342 8 hundred thousands 

3. 28,343,399,223 8 billions 

4. 1,023,850 8 hundreds 

5. 98,413,099 8 millions 

6. 6328 8 ones ) 


Do Margin Exercises 1-6 (in the margin at left). | 


EXAMPLE 7 Hurricane Relief: Private donations for relief for Hurricanes 
Katrina and Rita, which struck the Gulf Coast of the United States in 2005, 
totaled $3,378,185,879. What does each digit name? 


Source: The Center on Philanthropy at Indiana University 


so ¢ ll 8 Bo 7 Y 


[Fe 9 ones 
7 tens 
8 hundreds 


x 5 thousands 
3 8 ten thousands 
1 hundred thousand 


¥ 
§ es 8 millions 

as 7 ten millions 

a 3 hundred millions 
ey 3 billions 


Do Exercise 7. 


7. Federal Payroll. In December 
2006, the payroll for civilian em- 


.b) Converting from Standard Notation ployees of the federal government 


was $13,896,346,626. What does 
each digit name? 
Source: U.S. Census Bureau 


to Expanded Notation 


To answer questions such as “How many?”, “How much?”, and “How tall?”, we 
often use whole numbers. The set, or collection, of whole numbers is 


0, 1, 2,3, 4, 5, 6, 7,8,9,10,11,12,.... 


The set goes on indefinitely. There is no largest whole number, and the smallest 
whole number is 0. Each whole number can be named using various notations. 
The set 1, 2,3, 4,5,..., without 0, is called the set of natural numbers. 

Consider the data in the table below showing the Advanced Placement 
exams taken most frequently by the class of 2007. 


NUMBER TAKEN 
U.S. History 333,561 
English Language and Composition 282,230 
Calculus AB 211,693 
Biology 144,796 


SOURCE: The College Board 


The number of Biology exams taken was 144,796. This number is expressed 
in standard notation. We write expanded notation for 144,796 as follows: 


144,796 = 1 hundred thousand + 4 ten thousands 
+ 4thousands + 7 hundreds 
+ 9tens + 6Gones. 


Answer 

7. 1 ten billion; 3 billions; 8 hundred millions; 
9 ten millions; 6 millions; 3 hundred 
thousands; 4 ten thousands; 6 thousands; 

6 hundreds; 2 tens; 6 ones 


11 Standard Notation; Order 3 


Write expanded notation. 
8. 1895 


9. 333,561, the number of Advanced 
Placement U.S. History exams 
taken by the class of 2007 


10. 1670 ft, the height of the Taipei 
101 Tower in Taiwan 


11. 2718 mi, the length of the Congo 
River in Africa 


12. 104,094 square miles, the area of 
Colorado 


Answers 


8. 1thousand + 8 hundreds + 9 tens + 5 ones 
9. 3 hundred thousands + 3 ten thousands 

+ 3 thousands + 5hundreds + 6tens + 1 one 
10. 1 thousand + 6 hundreds + 7 tens 
+ 0 ones, or 1 thousand + 6 hundreds + 7 tens 
11. 2 thousands + 7 hundreds + 1 ten + 8 ones 
12. 1 hundred thousand + 0 ten thousands 

+ 4thousands + 0 hundreds + 9 tens 

+ 4 ones, or 1 hundred thousand 

+ 4thousands + 9tens + 4 ones 


4 CHAPTER 1. Whole Numbers 


' EXAMPLE 8 Write expanded notation for 1815 ft, the height of the CN 
Tower in Toronto, Canada. 


1815 = 1 thousand + 8hundreds + 1 ten + 5 ones b 


| EXAMPLE 9 Write expanded notation for 3400. 


3400 = 3 thousands + 4hundreds + Otens + Oones, or 
3 thousands + 4 hundreds ) 


! EXAMPLE 10 write expanded notation for 211,693, the number of 
Advanced Placement Calculus exams taken by the class of 2007. 


211,693 = 2 hundred thousands + 1 ten thousand 
+ 1thousand + 6hundreds + 9 tens + 3 ones } 


Do Exercises 8-12. 


(€) Converting Between Standard Notation 
and Word Names 


We often use word names for numbers. When we 
pronounce a number, we are speaking its word 
name. Russia won 72 medals in the 2008 Summer 
Olympics in Beijing, China. A word name for 72 is 
“seventy-two.” Word names for some two-digit 
numbers like 36, 51, and 72 use hyphens. Others 
like 17 use only one word, “seventeen.” 


2008 Summer Olympics Medal Count 
GOLD SILVER BRONZE | TOTAL 


United States 
of America 


People's 
Republic 
of China 
Russia 


Great 
Britain 


Se 
Australia 


SOURCE: beijing2008.cn 


EXAMPLES Write a word name. 

11. 36, the number of gold medals won by the United States 
Thirty-six 

12. 15, the number of silver medals won by Australia 
Fifteen 

13. 100, the total number of medals won by the People’s Republic of China 
One hundred 


Do Exercises 13-15. 


For word names for larger numbers, we begin at the left with the largest 
period. The number named in the period is followed by the name of the 
period; then a comma is written and the next number and period are named. 
Note that the name of the ones period is not included in the word name for a 
whole number. 


EXAMPLE 14 Write a word name for 46,605,314,732. 


Forty-six billion, 


six hundred five million, 


three hundred fourteen thousand, 
seven hundred thirty-two 


The word “and” should not appear in word names for whole numbers. 
Although we commonly hear such expressions as “two hundred and one,” the 
use of “and” is not, strictly speaking, correct in word names for whole num- 
bers. For decimal notation, it is appropriate to use “and” for the decimal 
point. For example, 317.4 is read as “three hundred seventeen and four 
tenths.” 


Do Exercises 16-19. 


EXAMPLE 15. Write standard notation. 


Five hundred six million, 
three hundred forty-five thousand, 
two hundred twelve 


v 
Standard notation is 506,345,212. 


Do Exercise 20. 


Write a word name. (Refer to the 
table on the previous page.) 


13. 46, the total number of medals 
won by Australia 


14, 13, the number of silver medals 
won by Great Britain 


15. 28, the number of bronze 
medals won by Russia 


Write a word name. 
16. 204 


17. $52,177, the average salary 
offered to computer science 
majors who graduated from 
college in 2007 
Source: CollegeRecruiter.com 


18. 1,879,204 


19. 6,677,602,292, the world popula- 
tion in 2008 
Source: U.S. Census Bureau 


20. Write standard notation. 


Two hundred thirteen million, 
one hundred five thousand, 
three hundred twenty-nine 


Answers 


13. Forty-six 14. Thirteen 15. Twenty- 
eight 16. Twohundredfour 17. Fifty- 
two thousand, one hundred seventy-seven 

18. One million, eight hundred seventy-nine 
thousand, two hundred four 19. Six billion, 
six hundred seventy-seven million, six hundred 
two thousand, two hundred ninety-two 

20. 213,105,329 


11. Standard Notation; Order 5 


Use < or > for |_! to write a true 
sentence. Draw the number line if 


necessary. 

ails 8 || 12 
22a (as 
23. 76 [_] 64 
24. 64 [_| 76 
25. 217 |_| 345 
26. 345 [_] 217 
Answers 


21. 22. > 23. > 24.°< 
25.< 26. > 
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d) Order 


We know that 2 is not the same as 5. We express this by the sentence 2 # 5. We 
also know that 2 is less than 5. We symbolize this by the expression 2 < 5. 
We can see this order on the number line: 2 is to the left of 5. The number 0 is 
the smallest whole number. 


| 
t 

0 1 Z 3 
Z 


\ 

t 

4 5 6 7 
5 


ag 


ORDER OF WHOLE NUMBERS 


For any whole numbers a and b: 


1. a < b (read “ais less than b”) is true when a is to the left of b on 
the number line. 

2. a > b (read “ais greater than b”) is true when a is to the right of 
b on the number line. 


We call < and > inequality symbols. 


EXAMPLE 16 Use < or > for[_]|to write a true sentence: 7 [_] 11. 


Since 7 is to the left of 11 on the number line, 7 < 11. 


EXAMPLE 17 Use < or > for[_]to write a true sentence: 92 [_] 87. 


T T T T T T T T 
86 87 88 89 90 91 92 93 


Since 92 is to the right of 87 on the number line, 92 > 87. 


Asentence like 8 + 5 = 13 is called an equation. It is a true equation. The 
equation 4 + 8 = 11 isa false equation. A sentence like 7 < 11 is called an 
inequality. The sentence 7 < 11 is a true inequality. The sentence 23 > 69 is 
a false inequality. 


Do Exercises 21-26. 


TEXTBOOK SUPPLEMENTS 


Are you aware of all the supplements that exist for this textbook? See the pref- 
ace for a description of each supplement including the Student's Solutions 
Manual. 


Exercise Set 


_ 
fa Y) What does the digit 5 mean in each number? 


1. 235,888 2. 253,777 


Movie Receipts. Box-office receipts on the opening 
weekend of Shrek the Third were $121,629,270. 
Source: Box Office Mojo 


What digit names the number of: 


5. thousands? 6. ten millions? 


7. tens? 8. hundred thousands? 


ie, 
(b) Write expanded notation. 


9. 5702 10. 3097 


For Extra Help 


vary JG = & 


MyMathLab 


PRACTICE WATCH DOWNLOAD 


3. 1,488,526 4. 500,736 


11. 93,986 12. 38,453 


Stair-Climbing Races. The figure below shows the number of stairs in four buildings in which stair-climbing races are held. 
In Exercises 13-16, write expanded notation for the number of stairs in each race. 


Stair-Climbing Races 


International CN Tower Empire Skytower 
Towerthon, Stair Climb, State Vertical 
KualaLumpur, Toronto, Building Challenge, 

Malaysia Ontario, Run-Up, Auckland, 


Canada NewYork New Zealand 


SOURCE: towerrunning.com 


13. 2058 steps in the International Towerthon, Kuala 
Lumpur, Malaysia 


14. 1776 steps in the CN Tower Stair Climb, Toronto, 
Ontario, Canada 


15. 1576 steps in the Empire State Building Run-Up, New 
York City, New York 


16. 1081 steps in the Skytower Vertical Challenge, Auckland, 
New Zealand 


11. Standard Notation; Order 7 


Population Projections. The table below shows the projected population in 2050 for six countries. In Exercises 17-22, write 


expanded notation for the population of the given country. 


PROJECTED POPULATION 


IN 2050 
China 1,424,161,948 
Hong Kong 6,172,725 
Japan 99,886,568 
Monaco 32,964 
Surinam 617,249 
United States 420,080,587 

\ ) 


SOURCES: International Programs Center, U.S. Census 
Bureau, U.S. Department of Commerce 


23. 85 24. 48 


27. 123,765 28. 111,013 


Write a word name for the number in each sentence. 


31. Wilderness Areas. In 2009, in the most sweeping land- 
protection law passed in fifteen years, all development 
was banned on huge swaths of land in nine states. The 
largest was in California, where 700,634 acres were 
newly designated as wilderness. 


Source: The Wilderness Society 
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17. 


18. 


19. 


20. 


21. 


22. 


25. 


29. 


32. 


1,424,161,948 in China 


6,172,725 in Hong Kong 


99,886,568 in Japan 


32,964 in Monaco 


617,249 in Surinam 


420,080,587 in the United States 


88,000 26. 45,987 


7,754,211,577 30. 43,550,651,808 


Busiest Airport. In 2006, the world’s busiest airport, 
Hartsfield in Atlanta, had 84,846,639 passengers. 
Source: Airports Council International World Headquarters, Geneva, 
Switzerland 
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33. Auto Racing. Helio Castroneves, winner of the 2009 34. College Football. The 2008 Rose Bowl game was 
Indianapolis 500 auto race, won a record prize of attended by 93,923 fans. 
$3,048,005. Source: Fox Sports 
Source: ESPN 


Write standard notation. 


35. Two million, two hundred thirty-three thousand, eight 36. Three hundred fifty-four thousand, seven hundred 
hundred twelve two 

37. Eight billion 38. Seven hundred million 

39. Fifty thousand, three hundred twenty-four 40. Twenty-six billion 

41. Six hundred thirty-two thousand, eight hundred 42. Seventeen thousand, one hundred twelve 
ninety-six 


Write standard notation for the number in each sentence. 


43. Ice Cream Purchases. Americans buy one billion, six 44, Learning a Language. There are two hundred million 
hundred million gallons of ice cream and frozen desserts Chinese children studying English. 
each year. Source: U.S. Department of Education 


Source: International Dairy Foods Association 


45. Pacific Ocean. The area of the Pacific Ocean is sixty- 46. The average distance from the sun to Neptune is two 
four million, one hundred eighty-six thousand square billion, seven hundred ninety-three million miles. 
miles. 


1.1 Standard Notation; Order 9 


(d) Use < or > for[_]to write a true sentence. Draw the number line if necessary. 


47. 0[ | 17 48. 32 [_|0 49. 34[ ] 12 50. 28 [_] 18 
51. 1000 [_] 1001 52. 77 [_] 117 53. 133 |_] 132 54. 999 [_] 997 
55. 460 [_] 17 56. 345 [_] 456 57. 37[] 11 58. 12 [] 32 


New Book Titles. The number of new book titles published in the United States in each of three recent years is shown in the 
table below. Use this table to do Exercises 59 and 60. 


YEAR | NEW BOOK TITLES 


190,078 
172,000 
276,649 


SOURCE: R. R. Bowker 


59. Write an inequality to compare the number of new titles 60. Write an inequality to compare the number of new titles 
published in 2004 and in 2005. published in 2005 and in 2007. 

61. Wind-Power Capacity. Wind-power capacity in the 62. Life Expectancy. The life expectancy of a female in the 
United States has increased from 1694 megawatts United States in 2015 is predicted to be about 82 yr and 
installed in 2001 to 5249 megawatts installed in 2007. Write that of a male about 76 yr. Write an inequality to com- 
an inequality to compare these numbers of megawatts of pare these life expectancies. 
wind power installed. : ; 

Life Expectancy in 
the United States 


U.S. Wind-Power Boom 


Megawatts 


66 68 70 72 74 76 78 80 82 84 
2001 2002 2003 2004 2005 2006 2007 Years 


Year SOURCE: U.S. Census Bureau 
SOURCE: American Wind Energy Association 


Synthesis 


To the student and the instructor: The Synthesis exercises found at the end of every exercise set challenge students to combine 
concepts or skills studied in that section or in preceding parts of the text. Exercises marked with a # symbol are meant to be 
solved using a calculator. 


HH | 


63. How many whole numbers between 100 and 400 64. # What is the largest number that you can name on 
contain the digit 2 in their standard notation? your calculator? How many digits does that number 
have? How many periods? 
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(a) Addition of Whole Numbers 


Addition of whole numbers corresponds to putting things together. 


We combine two sets. This is the resulting set. 
A 
c ~ 
3 PDAs 4 PDAs 7 PDAs 
A A _ 


We say that the sum of 3 and 4 is 7. The numbers added are called 
addends. The addition that corresponds to the figure above is 


3 + 4 = 7. 


\ YY 


Addend Addend Sum 


To add whole numbers, we add the ones digits first, then the tens, then 
the hundreds, then the thousands, and so on. Adding 0 to a number does 
not change the number: a + 0 = 0 + a= a.Thatis,6 + 0=0+6=6,or 
198 + 0 = 0 + 198 = 198. We say that 0 is the additive identity. 


| EXAMPLE 1 Add: 6878 + 4995. 
Place values are lined up in columns. 


1 

6 8 7 8 Add ones. We get 13 ones, or 1 ten + 3 ones. 
+499 5 Write 3 in the ones column and 1 above the tens. 
i This is called carrying, or regrouping. 

1 & 

6 8 Ba 8 Add tens. We get 17 tens, so we have 10 tens + 7 tens. 

+499 5 This is also 1 hundred + 7 tens. Write 7 in the tens 
7 3 column and 1 above the hundreds. 

1 Be 1 

6 8 7 8 Add hundreds. We get 18 hundreds, or 10 hundreds + 
+499 5 8 hundreds. This is also 1 thousand + 8 hundreds. 

Write 8 in the hundreds column and 1 above the 
ao 7 3 
thousands. 

i el 

6 8 7 8 Add thousands. We get 11 thousands. 
+49 9 5 
ie 8 7 3 We show you these steps 

for explanation. You need 
write only this. 
6878 
<x 
+ Add 
ay hg 
11873 <Sum ) 


STUDY TIPS 


One of the most important ways 
in which to improve your math 
study skills is to learn the proper 
use of the textbook. Here we 
highlight a few points that we 
consider most helpful. 


USING THIS TEXTBOOK 


Be sure to note the symbols 


(a), (b), (c), and so on, 


that correspond to the objec- 
tives you are to master in each 
section. The first time you 

see them is in the margin at the 
beginning of the section; the 
second time is in the subheadings 
of each section; and the third 
time is in the exercise set for the 
section. You will also find symbols 
like [1.1a] or [1.2c] next to the skill 
maintenance exercises in each 
exercise set, in the mid-chapter 
review, and in the review 
exercises at the end of the 
chapter, as well as in the answers 
to the chapter tests. These 
objective symbols allow you to 
refer to the appropriate place in 
the text when you need to review 
a topic. 
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_ EXAMPLE 2 Add: 391 + 276 + 789 + 498. 


Add ones. We get 24, so we have 2 tens + 4 ones. Write 
4 in the ones column and 2 above the tens. 


PN MH Ww 
oOMmON OV 
m|1CO OD 


Add tens. We get 35 tens, so we have 30 tens + 5 tens. 
This is also 3 hundreds + 5 tens. Write 5 in the tens 
column and 3 above the hundreds. 


BN DM WH 
aoe N On 
®l1CO O DD 


Add. 
1. 6203 + 3542 2s FPO 


RAO Add hundreds. We get 19 hundreds. 


3 9804 4169 32 4 
+6378 679283 i 
9878 


+8941 Do Exercises 1-4. 


Ol FN DY Ww 
O}o on or 
melo OD 


(5 i Calculator Corner 


Adding Whole Numbers _ This is the first of a series of optional 
discussions on using a calculator. A calculator is not a requirement for this textbook. 
Check with your instructor about whether you are allowed to use a calculator in the 
course. 

There are many kinds of calculators and different instructions for their usage. We have 
included instructions here for a low-cost calculator. Be sure to consult your user's manual 
as well. 

To add whole numbers on a calculator, we use the | + | and | = | keys. For example, to find 
314 + 259 + 478, we press[ 3 ][1][4] [+] [2][5][9] [+] [4] [7] [8] [F]. 
The display reads 1051 |,s0 314 + 259 + 478 = 1051. 


Exercises: Use a calculator to find each sum. 
1. 73 + 48 2. 925 + 677 
3. 826 + 415 + 691 4. 253 + 490 + 121 


| 


Answers 


1.9745 2. 13,465 3. 16,182 
4. 27,474 
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= 


(b) Finding Perimeter 


Addition can be used when finding perimeter. 


PERIMETER 


The distance around an object is its perimeter. 


EXAMPLE 3 Find the perimeter of the figure. 


19 in. 


29 in. 


We add the lengths of the sides: 
Perimeter = 29in. + 19in. + 37in. + 44 in. 


We carry out the addition as follows. 


2 
29 
19 
3 7 
+44 
129 


The perimeter of the figure is 129 in. l 


Do Exercises 5 and 6. 


EXAMPLE 4 Find the perimeter of the octagonal (eight-sided) resort 
swimming pool. 


6 yd 


13 yd 


8 yd 
16 yd 


13 yd 


Perimeter = 13 yd + 6yd + 6yd + 12 yd + 8yd 
+ 12yd + 13yd + 16yd 


The perimeter of the pool is 86 yd. \ 


| Do Exercise 7. 


Find the perimeter of each figure. 
5. 


bin) 
4in. 
Yin. 
5 in. 
6in. 
6 16 ft 
15 ft 15 ft 
16 ft 
Solve. 


7. Index Cards. Two standard sizes 
for index cards are 3 in. (inches) 
by 5 in. and 5 in. by 8 in. Find the 
perimeter of each type of card. 


Answers 
5. 29in. 6. 62ft 7. 16in.;26in. 
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USING THIS TEXTBOOK 


Read and study each step of each 
example. The examples include 
important side comments that 
explain each step. These examples 
and annotations have been care- 
fully chosen so that you will be 
fully prepared to do the exercises. 


Stop and do the margin exercises as 
you study asection. This gives 
you immediate reinforcement of 
each concept as it is introduced 
and is one of the most effective 
ways to master the mathematical 
skills in this text. Don’t deprive 
yourself of this benefit! 


Note the icons listed at the top of 
each exercise set. These refer to 
the distinctive multimedia study 
aids that accompany the book. 
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(Cc) Subtraction of Whole Numbers 


Subtraction is finding the difference of two numbers. Suppose you pick 
6 pints of blueberries and give your neighbor 2 pints. 


3299999 


The subtraction that represents this is 


6 - 2 = 4 
v V v 


Minuend Subtrahend Difference 


The minuend is the number from which another number is being subtracted. 
The subtrahend is the number being subtracted. The difference is the result 
of subtracting the subtrahend from the minuend. 

In the subtraction above, note that the difference, 4, is the number we 
add to 2 to get 6. This illustrates the relationship between addition and sub- 
traction and leads us to the following definition of subtraction. 


SUBTRACTION 


The difference a — bis that unique whole number c for which a = c + b. 


We see that 6 — 2 = 4 because 4 + 2 = 6. 
To subtract numbers, we subtract the ones digits first, then the tens 
digits, then the hundreds, then the thousands, and so on. 


' EXAMPLE 5 Subtract: 9768 — 4320. 


9 7 6 8 Subtract 
- 4320 ones. 
8 
9 7 ie 8 Subtract 
_ 32 0 tens. We show these steps 
4 8 for explanation. You 
need write only this. 
9 7 6 8 Subtract 
— 4 B20 hundreds. 
4 4 8 
9 7 6 8 Subtract 9 7 6 8 
—- —3 2 0 thousands. —~ 43 20 
5 4 4 8 5 4 4 8 


Because subtraction is defined in terms of addition, we can use addition 
to check subtraction. 


Subtraction: Check by Addition: 
9 7 6 8 5 4 4 8 

= 4 3 2.0 2 + 4 3 2.0 
5 4 A 8 Po 9 7 6 8 j 8. Subtract. Check by adding. 


C398 


Do Exercise 8. = A409 2 


EXAMPLE 6 Subtract: 348 — 165. 


We have 
3 hundreds + 4tens + 80nes = 2hundreds + 14 tens + 8 ones 
— lhundred — 6tens — 50nes = —lhundred — 6tens — 5o0nes 
= lhundred + 8tens + 3ones 
183. 


; Calculator Corner 


First, we subtract the ones. Subtracting Whole 
3 48 Subtract ones, Numbers To subtract whole numbers 
_16@ ona calculator, we use the} — | and| = 
2 keys. For example, to find 63 — 47, we 
We cannot subtract the tens because there is no whole number that when press | 6]/3]|- | | 4l}7}/=|. 
added to 6 gives 4. To complete the subtraction, we must borrow 1 hundred The calculator displays ae 
from 3 hundreds and regroup it with the 4 tens. Then we can do the subtraction 65 x A = 46 Werancheck his result 
pane 7 eee =e by adding the subtrahend, 47, and the 
2 14 : difference, 16. To do this, we press 
3A 8B Borrow one hundred. That is, 1 hundred = 10 tens, and ; 
=1165 10 tens + 4tens = 14 tens. Write 2 above the hundreds u a | = - The at is the 
3 column and 14 above the tens. a 63, so the subtraction is 
3 4 8 Subtract tens; subtract hundreds. a ar oneal 
—-165 , : 
183 1. 57 — 29 
2. 81 — 34 
2 ia 1 The answer 3. 145 — 78 
This is BAB Cece 183 checks because 4. 612 — 493 
what you 165 —~+>:+165 this is the top 
should eo a3 "24 8 number in the 5 278 
write. subtraction. — 2848 
6 12,406 
- 98183 


ts 


Answer 
8. 3801 
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! EXAMPLE 7 Subtract: 6246 — 1879. 
3 16 
62486 We cannot subtract 9 ones from 6 ones, but we can 
— 1879 _ Subtract 9 ones from 16 ones. We borrow 1 ten to get 
—_ 16 ones. 


1 a 16 
62486 We cannot subtract 7 tens from 3 tens, but we can 
—~1879 subtract 7 tens from 13 tens. We borrow 1 hundred 
ee to get 13 tens. 


1113 
5 1 216 
B246 We cannot subtract 8 hundreds from 1 hundred, but we 
—~1879 can subtract 8 hundreds from 11 hundreds. We borrow 
1 thousand to get 11 hundreds. Finally, we subtract the 


ee Ge thousands. 
u i The answer 
Ls : Le 11 checks because 
Deane B248 aaa this is the to 
what you Check: anes 
drawl = 1879 > +1879 number in the 
A367 6246 subtraction. 


write. 


Subtract. Check by adding. 
9. 8686 10.7145 


7~ 2358 See Do Exercises 9 and 10. | 


|! EXAMPLE 8 Subtract: 902 — 477. 
8 9 12 
90 2 We cannot subtract 7 ones from 2 ones. We have 
= 4 '7°7 9 hundreds, or 90 tens. We borrow | ten to get 12 ones. 
Subtract. —425 ~~ Wethen have 89 tens. 
11. 0 12. 5 © 3 


aos — 298 Do Exercises 11 and 12. } 


' EXAMPLE 9 Subtract: 8003 — 3667. 


79913 
3 We have 8 thousands, or 800 tens. 


—-3667 We borrow 1 ten to get 13 ones. We then have 799 tens. 


4336 
! EXAMPLES 
10. Subtract: 6000 — 3762. 11. Subtract: 6024 — 2968. 

Subtract. ee & th aig a 

13. WO 7 14, 6000 
=@349 = s 149 = 3-7 6 2 Oedks 
——__— ———— wear —-2968 
3056 

15. 0) 3 5 16. 2 {) @ il 


eee SEEBES ~ 124 Do Exercises 13-16. | 


Answers 


9. 6328 10.4747 11.56 12. 205 
13. 658 14. 2851 15. 1546 16. 1877 
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; For Extra Help G = 
1 e 2 Exe rc | se S et MyMathLab ree La DOWNLOAD ie Ez 


G) 


1. 364 2 1521 3. 86 4. 73 

+ 23 + 348 +78 +69 
5. 1716 6 7503 7% 4825 8 3654 
+3482 +2683 +1783 +2700 
9. 8113 + 390 10. 271 + 3338 11. 356 + 4910 12. 280 + 34,902 
13. 23,443 14. 45,879 15. 77,543 16. 99,999 
+10,989 +21,786 +23,767 te 112 

17. 12,070 18 42,487 19 4835 20. 989 

2,95 4 83,141 729 5 66 

+ 3,400 +36,712 9204 83 4 

8986 920 

+7931 +703 


(b) Find the perimeter of each figure. 


21. 22. 14 mi 


13 mi 7 
402 ft 298 ft 22 mi a 
10 mi 
47 mi 
196 ft 
212 ft 
100 ft 


453 ft 
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23. Find the perimeter of a standard hockey rink. 


(c) Subtract. Check by adding. 


25. 65 
= 21 
29. 563 
—-194 
33. 981 — 747 
37, 7769 
= 2.3 8-7 


41. 5318 — 2249 
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26. 


30. 


34 


38. 


42 


46. 


£95 
= 3.9.8 


. 887 — 698 


6431 
—-2896 


- 9241 — 5643 


Whole Numbers 


24. In Major League Baseball, how far does a batter travel in 
circling the bases when a home run has been hit? 


27. 866 
=—=333 
31, 391 
= 36.5 
35. 683 — 266 
39. 4512 
—-1734 


43. 3947 — 2858 


47. 51,342 


-— 47,198 


28. 526 
gee 
32. 316 
—-247 
36. 342 — 217 
40. 8364 
= 53 75 


44. 7583 — 3641 


48. 32,194 
— 29,236 
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49. 7640 50. 5280 51. 6808 52. 9405 


-—-3809 = 3091 -—-3059 = 258 
53. 2300 544 7500 55. 6007 56. 8003 
=. 10.9 —-3604 -—-1589 = 69.9 
57. 90,237 — 47,209 58. 84,703 — 298 59. 101,734 — 5760 60. 15,017 — 7809 
61. 7000 62. 8001 63. 39,000 64. 17,000 
—-2794 —-6543 = 37,695 -—-11,598 
65. 10,008 — 19 66. 40,006 — 147 67. 50,001 — 1984 68. 30,004 — 6749 


Skill Maintenance 


The exercises that follow begin an important feature called Skill Maintenance exercises. These exercises provide an ongoing 
review of topics previously covered in the book. You will see them in virtually every exercise set. It has been found that this kind 
of continuing review can significantly improve your performance on a final examination. 


69. Write a word name for 6,375,602. [1.1c] 70. What does the digit 7 mean in 6,375,602? [1.1la] 

Synthesis 

71. Fillin the missing digits to make the subtraction true: 72. A fast way to add all the numbers from 1 to 10 inclusive 
9 48.621 — 2,097 81 = 7,251,140. is to pair 1 with 9, 2 with 8, and so on. Use a similar 


approach to add all numbers from 1 to 100 inclusive. 
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SKILL TO REVIEW 
Objective 1.2c: Subtract whole 
numbers. 


Subtract. 
1. 564 
—-397 


Answers 


Skill to Review: 
Te. 167 2. 4091 
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(a) Multiplication of Whole Numbers 
Repeated Addition 


The multiplication 3 X 5 corresponds to this repeated addition. 


We combine 3 sets 


of 5 $1 bills each. 
The resulting set is 
lar or sor lor lor | a set of 15 $1 bills. 
. ps = a > Arae oe Ae : 
5 


3X5=54+54+5=15 
3 addends; each is 5 


The numbers that we multiply are called factors. The result of the multi- 
plication is called a product. 


3. xX 5 = 15 


y 


Factor Factor Product 


Rectangular Arrays 


Multiplications can also be thought of as rectangular arrays. Each of the 
following corresponds to the multiplication 3 x 5. 


ct z id 4 5) 
5 5 
3 rows with 5 bills in each row; 5 columns with 3 bills in each column; 
3xX5=15 3xX5=15 


When you write a multiplication sentence corresponding to a real-world 
situation, you should think of either a rectangular array or repeated addition. 
In some cases, it may help to think both ways. 

We have used an “xX” to denote multiplication. A dot “- ” is also com- 
monly used. (Use of the dot is attributed to the German mathematician 
Gottfried Wilhelm von Leibniz in 1698.) Parentheses are also used to denote 
multiplication. For example, 


3X5 =3-5 = (3)(5) = 3(5) = 15. 


The product of 0 and any whole number is 0: 0 - a = a- 0 = O. For ex- 
ample, 0-3 = 3-0 = 0. Multiplying a number by 1 does not change the 


number: 1-a=a-1 =a. For example, 1-3 = 3-1 = 3. We say that 1 is 


the multiplicative identity. 


' EXAMPLE 1 
We have 


Multiply: 5 x 734. 


734 
x 5 


2 0 < Multiply the 4 ones by 5: 5 X 4 = 20. 
1 5 0 < Multiply the 3 tens by 5: 5 x 30 = 150. 
3 5 0 0 < Multiply the 7 hundreds by 5: 5 X 700 = 3500. 
3 670 < Add. 


Instead of writing each product on a separate line, we can use a shorter form. 


2 
7 3 
x 

1 2 
7 B 
x 

t 
1 2 
fa 3 
x 
3.6 7 
i: 2 
7 3 
x 
3.6 7 


Colon & 


ol 


TIME MANAGEMENT 


Time is the most critical factor 


in your success in learning 
mathematics. Have reasonable 


expectations about the time 


you need to study math. 


Balancing work and study. 


Working 


40 hours per week and taking 

12 credit hours is equivalent to 
having two full-time jobs. 
challenging to handle such a load. 


It is 


If you work 40 hours per week, you 


will probably have more success in 


school if you take 3 to 6 credit 
Multiply the ones by 5: 5 - (4ones) = 20 ones = hours. If you are carrying a full 


2 tens + 0 ones. Write 0 in the ones column and 


class load, you can probably work 


2 above the tens. 5 to 10 hours per week. Be honest 
with yourself about how much 
time you have available to work, 


Multiply the 3 tens by 5 and add 2 tens: attend class, and study. 
5+ (3tens) = 15tens, 15tens + 2tens = 17 tens = 

lhundred + 7 tens. Write 7 in the tens column and 

1 above the hundreds. 


Multiply the 7 hundreds by 5 and add 1 hundred: 
5 + (7hundreds) = 35 hundreds, 35 hundreds + 
1 hundred = 36 hundreds. 


Multiply. 
is) & 720 
x 2 
You should write only this. 
i 
& W823 4. 


| Do Exercises 1-4. S 6 


Multiplication of whole numbers is based on a property called the 
distributive law. It says that to multiply a number bya sum, a: (b + c), we 
can multiply each addend by a and then add like this: (a - b) + (a: c). Thus, 
a-(b+c) = (a:b) + (a-c). For example, consider the following. 


4-(2+3)=4-5=20 Adding first; then multiplying 


4-(2+3)=(4-2)+ (4-3) =8+4+ 12 = 20 Multiplying first; 


then adding 


The results are the same, so 4: (2 + 3) = (4: 2) + (4° 3). 


Answers 
1.116 2.148 3. 4938 
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3 7 
x 4 

1348 
x 5 
4, 6740 

21 


Let’s find the product 51 X 32. Since 32 = 2 + 30, we can think of this 


product as 


51 X 32 = 51 X (2 + 30) = (51 X 2) + (51 X 30). 


That is, we multiply 51 by 2, then we multiply 51 by 30, and finally we add. We 
can write our work this way. 


51 


02 Multiplying by 2 
0 Multiplying by 30. (We write a 0 and then multiply 51 by 3.) 


Calculator Corner 


Multiplying Whole 
Numbers §1o multiply whole num- 


You may have learned that such a 0 need not be 
written. You may omit it if you wish. If you do omit it, 
remember, when multiplying by tens, to start writing 
the answer in the tens place. 


bers on a calculator, we use the| x | and 
keys. For example, to find 13 x 47, 


We add to obtain the product. 


1632 Adding to obtain the product 


Multiplying 683 by 7 


Multiplying 683 by 50 


- Multiplying 683 by 400. (We write 


<’ 00 and then multiply 683 by 4.) 


Adding j 


Be 
we press} 1]/3]|x]|41/)7] |=]. The ee 
calculator displays 611,s013 X 47 = 6ll. 
102 
Exercises: Use a calculator to find 1530 
each product. 
1. 56 X 8 
_ EXAMPLE 2 Multiply: 457 x 683. 
2. 845 X 26 
3. 5- 1276 ee 
6 & 8 
4. 126(314) x 45 7 
x 48 
6 5218 32 
xX 453 Se 
L x 4 Be 7 
4 7 8 1 
o> 424 1 & 0 
3 i) 
4 1 
5 2 
6 8 3 
Multiply. xX a5 7 
5 45 6. 48 X 63 4 7 8 1 
x 2S 4 15 0 
2 7 3 2 0 0 
hm Tae 8. 245 X 837 oh eet ee 
x 62 Do Exercises 5-8. 
Answers 


5. 1035 6. 3024 = 7. 46,252 ~— 8. 205,065 
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! EXAMPLE 3 Multiply: 306 x 274. 
Note that 306 = 3 hundreds + 6 ones. 


274 Multiply. 
x 3.06 | Multiplying by 6 S72 10. 408 x 704 
1644 ml Multiplying by 3 hundreds. (We write 00 x 306 
2200 al and then multiply 274 by 3.) 
83,844 Adding ) 


ll 682344 IA, Il OO) & 


| Do Exercises 9-12. X6005 ESTES 


! EXAMPLE 4 Multiply: 360 x 274. 
Note that 360 = 3 hundreds + 6 tens. 


274  , Multiplying by 6 tens. (We write 0 and 


xX 360 then multiply 274 by 6.) Multiply. 


16440 <- Multiplying by 3 hundreds. (We write 00 13. 472 
82200 < andthen multiply 274 by 3.) 


98,640 Adding ) 


Do Exercises 13-16. 15. 100 X 562 16. 1000 x 562 


14. 2344 
x 830 x 7400 


(b) Finding Area 


The area of a rectangular region can be considered to be the number of 
square units needed to fill it. Here is a rectangle 4 cm (centimeters) long and 
3 cm wide. It takes 12 square centimeters (sq cm) to fill it. 


This is a square 
centimeter 
(a square unit). 


In this case, we have a rectangular array of 3 rows, each of which con- 
tains 4 squares. The number of square units is given by 3 - 4, or 12. That is, 
A=I1-w=3cm-:4cm = 12sqem. 


{ EXAMPLE 5 Table Tennis. Find the area of a standard table tennis table 
that has dimensions of 9 ft by 5 ft. 


Les t—> Answers 

9. 144,432 10, 287,232 

LL. 14,075,720 12. 707,218 
13. 391,760 14. 17,345,600 
15. 56,200 16. 562,000 
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17. Professional Pool Table. The 
playing area of a pool table used 
in professional tournaments is 
50 in. by 100 in. (There are 6-in. 
wide rails on the outside that 
are not included in the playing 
area.) Determine the playing 


area. 


> 


CEC 


e 


BOC 


e) 


© 
GO 
© 
ne 
e) 


If we think of filling the rectangle with square feet, we have a rectangular 
array. The length / = 9 ft and the width w = 5 ft. Thus the area A is given by 
the formula 


A=I1-w=9ft-5ft = 45sqft. 


= 


Do Exercise 17. J 


(€) Division of Whole Numbers 
Repeated Subtraction 


Division of whole numbers applies to two kinds of situations. The first is re- 
peated subtraction. Suppose we have 20 doughnuts, and we want to find out 
how many sets of 5 there are. One way to do this is to repeatedly subtract sets 
of 5 as follows. 


How many 
sets of 5 
doughnuts each? 


20 doughnuts 


Since there are 4 sets of 5 doughnuts each, we have 


20 +5 = 4 
v y v 


Dividend Divisor Quotient 


The division 20 + 5 is read “20 divided by 5.” The dividend is 20, the divisor 
is 5, and the quotient is 4. We divide the dividend by the divisor to get the 
quotient. 

We can also express the division 20 + 5 = 4as 


4 
2 
a4 or 5)20. 


Rectangular Arrays 


We can also think of division in terms of rectangular arrays. Consider again 
the 20 doughnuts and division by 5. We can arrange the doughnuts in a rec- 
tangular array with 5 rows and ask, “How many are in each row?” 


ee We can also consider a rectangular array with 5 doughnuts in each col- 
Va umn and ask, “How many columns are there?” The answer is still 4. 
Answer 
17. 5000 sq in. 
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In each case, we are asking, “What do we multiply 5 by in order to get 202” 


Missing factor Quotient 
5+ |} = 20 20+5= 


This leads us to the following definition of division. 


The quotient a + b, where b # 0, is that unique number c for which 
a=b-c. 


This definition shows the relation between division and multiplication. 
We see, for instance, that 


20+5=4 because 20=5-4. 


This relation allows us to use multiplication to check division. 
EXAMPLE 6 Divide. Check by multiplying. 
a) 16 +8 b) 2 c) 7)56 


We do so as follows. 


a) 16+8=2 Check: 8 - 2 = 16. 

b) = 9 Check: 4-9 = 36. 
8 

c) 7)56 Check: 7-8 = 56. 


Do Exercises 18-20. 


Let’s consider some basic properties of division. 


DIVIDING BY 1 


a 
Any number divided by 1 is that same number: a~+ 1 = 1% 


15 
For example, 6 + 1 = 6 and —- = 15. 


DIVIDING A NUMBER BY ITSELF 


Any nonzero number divided by itselfis 1: a+ a= ; =1, a#0. 


22 
For example, 7 + 7 = 1 and in 1. 


Divide. Check by multiplying. 


18.9) 45 


Ih 2l = 3} 


Alb 
6 


Answers 
18.5 19.9 20.8 
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Divide, if possible. If not possible, 
write “not defined.” 


9 
Flo = Po ®) & O 
9 
8 
23. 0 + 20 24. i 


HIGHLIGHTING 

e Highlight important points. 
You are probably used to high- 
lighting key points as you study. 
If that works for you, continue 
to do so. But you will notice 
many design features through- 
out this book that already high- 
light important points. Thus 
you may not need to highlight 
as much as you generally do. 


Highlight points that you do not 
understand. Use a special 
mark to indicate trouble spots 
that can lead to questions to 
be asked during class or ina 
tutoring session. 


Answers 


21.1 22. Not defined 


23.0 24. 8 
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Whole Numbers 


0 
Zero divided by any nonzero number is 0: 0 + a = ef 0, a#0. 


0 
For example, 0 + 14 = 0 and 37 0. 


EXCLUDING DIVISION BY O 


Division by 0 is not defined: a+ 0, or - is not defined. 


16 
For example, 16 + 0, or 0° is not defined. 


Why can’t we divide by 0? Suppose the number 4 could be divided by 0. 
Then if [_] were the answer, we would have 


4+0=(], 


and since 0 times any number is 0, we would have 


4= -0=0. False! 


Thus, the only possible number that could be divided by 0 would be 0 itself. 
But such a division would give us any number we wish. For instance, 


0+0=8 because 0= 8:0; 
0+0=3 because 0=3-:-0; All true! 
0+0=7 _ because =7:-0. 


We avoid the preceding difficulties by agreeing to exclude division by 0. 


Do Exercises 21-24. 


Division with a Remainder 


Suppose we have 22 cans of soda and want to pack them in cartons of 6 cans 
each. We could fill 3 cartons and have 4 cans left over. 


\ 
NS 


———— 


= 


H ; H . 4 left over 


We can think of this as the following division. The leftover cans are the 
remainder. 


3 < Quotient 
6)2 2 
18 
~ 4 <= Remainder 


We express the result as 
22 7 JZ 6 = 3R4. 
ae Divisor A oe 
Note that 

Quotient - Divisor + Remainder = Dividend. 

Thus we have 
3-6= 18 
and 18+ 4= 22. 


Quotient - Divisor 
Adding the remainder. The result is the dividend. 


We now show a procedure for dividing whole numbers. 


EXAMPLE 7 _ Divide and check: 4)3 45. Fe 


First, we try to divide the first digit of the dividend, 3, by the divisor, 4. Since 
3 + 4is not a whole number, we consider the first two digits of the dividend. 


i 


8 Since 4 - 8 = 32 and 32 is smaller than 34, we write an 8 
4)3457 inthe quotient above the 4. We also write 32 below 34 
32 and subtract. 

2 


What if we had chosen a number other than 8 for the first digit of the quo- 
tient? Suppose we had used 7 instead of 8 and subtracted 4 - 7, or 28, from 34. 
The result would have been 34 — 28, or 6. Because 6 is larger than the divisor, 4, 
we know that there is at least one more factor of 4 in 34, and thus 7 is too small. 
If we had used 9 instead of 8, then we would have tried to subtract 4 - 9, or 36, 
from 34. That difference is not a whole number, so we know 9 is too large. When 
we subtract, the difference must be smaller than the divisor. 

Let’s continue dividing. 


a8 Now bring down the 5 in the dividend and consider 
4 ) 3457 25 + 4. Since 4 - 6 = 24 and 24 is smaller than 25, we 
32% write 6 in the quotient above the 5. We also write 24 
Be below 25 and subtract. The difference, 1, is smaller than 
24 the divisor, so we know that 6 is the correct choice. 
1 


EXERCISES 


© Odd-numbered exercises. Often 
an instructor will assign some 
odd-numbered exercises as 
homework. When you complete 
these, you can check your an- 
swers at the back of the book. 
If you miss any, check your 
work in the Student's Solutions 
Manual or ask your instructor 
for help. 


e Even-numbered exercises. 
Whether or not your instructor 
assigns the even-numbered 
exercises, always do some on 
your own. Remember, there 
are no answers given for the 
chapter tests, so you need to 
practice doing exercises without 
answers. Check your answers 
later with a friend or your 
instructor. 
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Continuing, we have 


864 Bring down the 7 and consider 17 ~ 4. Since 
m® 3457 4-4 = 16 and 16 is smaller than 17, we write 4 in the 
2 


3.2 quotient above the 7. We also write 16 below 17 and 
25 subtract. 
24 
i 7 
16 
1 < The remainder is 1. 
Divide and check. 
25. 3 ) 9 39 Check: 864- 4 = 3456 and 3456 + 1 = 3457. 
26.5)5864 The answer is 864 R 1. 
27,6 Pap iss Do Exercises 25-27. 
eee _ EXAMPLE 8 Divide: 8904 + 42. 
° Calculator Corner Because 42 is close to 40, we think of the divisor as 40 when we make our 
te choices of digits in the quotient. 
Dividing Whole Numbers 9 
oo ah o emis 42) 89 0 4 < Think: 89 = 40. Wetry 2. Multiply 42 - 2 and subtract. 
se is See i el a 84 Then bring down the 0. 
to divide 711 by 9, we press | 7 ||.1 | [1 J[= 5 0 
9 | |=]. The display reads 79 
som +9 = 79. al 
When we enter 453 = 15, the display 42)8904 
reads 30.2 |. Note that the result is Ba 
neta OE Humbe Mista eae : 5 0 | < Think: 50 + 40. We try 1. Multiply 42 - 1 and subtract. 
there is a remainder. The number 30.2 is : 
. : ; : 42 Then bring down the 4. 
expressed in decimal notation. Decimal —s x 
notation will be studied in Chapter 3. 
Exercises: Use a calculator to perform 212 
each division. 42)8904 
1. 19)532 = 
2. 7)861 ; : 
Gane eae ~ 8 4 < Think: 84 = 40. We try 2. Multiply 2 - 42 and subtract. 
A. 12,276 + 341 84 
0 
The remainder is 0, so the answer is 212. 
Do Exercises 28 and 29. ] 
Divide. 
28. 4 5 ) os 0 7 
Caution! 
29.52) 3288 Be careful to keep the digits lined up correctly when you divide. 
Answers 


25. 79R2 26. 1172R4 
27. 642R3 28. 134 
29. 63 R12 
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Zeros in Quotients 
! EXAMPLE 9 Divide: 6341 + 7. 


§ 
7)6341< Think: 63 +7 = 9.The first digit in the quotient 


6 3 is 9. We do not write the 0 when we find 63 — 63. 
oi Bring down the 4. 
90 
i ) 6341 
63 


4 1< Think: 4 + 7. Ifwe subtract a group of7’s, such 
as 7, 14, 21, etc., from 4, we do not get a whole 
number, so the next digit in the quotient is 0. 
Bring down the 1. 


905 
m)6341 
63 
4 1 < Think: 41 + 7.We try 5. Multiply 7 - 5 and 
3 5 subtract. 
~ 6 < The remainder is 6. 


Divide. 
The answer is 905 R 6. ) 30.6) 4846 
[Do Exercises 30 and 31. 31.7) 7616 
| EXAMPLE 10 Divide: 8169 + 34. 
Because 34 is close to 30, we think of the divisor as 30 when we make our 
choices of digits in the quotient. 
2 
3.4) 816 9 < Think: 81 + 30.We try 2. Multiply 34 - 2 and subtract. 
6 8 | Then bring down the 6. 
136 
2.4 
34)8169 
68 
1 3 6 | < Think: 136 + 30. We try 4. Multiply 34 - 4 and 
136 subtract. The difference is 0, so we do not write it. 
g _ Bring down the 9. 
240 
34)8169 
6 8 
136 Divide. 
LG - Think: 9 + 34. If we subtract a group of 34’s, such as 32.27) 9724 
93 < 34 or 68, from 9, we do not get a whole number, so the Een re, 
0 last digit in the quotient is 0. SR DID GA 2a 
9 < The remainder is 9. 
The answer is 240 R9. ) 
Answers 
Do Exercises 32 and 33. 20. 07RA 31. 1088 
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TIME MANAGEMENT 


e Arule of thumb on study time. 
Budget about 2-3 hours for 
homework and study for 
every hour you spend in class 
each week. 


e Scheduling your time. Make an 
hour-by-hour schedule of your 


typical week. Include work, 


school, home, sleep, study, and 


leisure times. Try to schedule 
time for study when you are 
most alert. Choose a setting 
that will enable you to focus 
and concentrate. Plan for suc- 
cess and it will happen! 


Round to the nearest ten. 
34, 37 


35. 52 36. 35 
So 13 38. 75 
39. 88 40. 64 
Answers 


34.40 35.50 36.40 37. 70 
38. 80 39.90 40. 60 


30 CHAPTER 1. Whole Numbers 


.d) Rounding 


We round numbers in various situations when we do not need an exact an- 
swer. For example, we might round to see if we are being charged the correct 
amount in a store. We might also round to check if an answer to a problem is 
reasonable or to check a calculation done by hand or on a calculator. 

To understand how to round, we first look at some examples using the 
number line. The number line displays numbers at equally spaced intervals. 


EXAMPLE 11 Round 47 to the nearest ten. 
47 is between 40 and 50. Since 47 is closer to 50, we round up to 50. 


EXAMPLE 12 Round 42 to the nearest ten. 
42 is between 40 and 50. Since 42 is closer to 40, we round down to 40. 


EXAMPLE 13 Round 45 to the nearest ten. 


45 is halfway between 40 and 50. We could round 45 down to 40 or up to 
50. We agree to round up to 50. 


When a number is halfway between rounding numbers, round up. 


Do Exercises 34-40. 


We round whole numbers according to the following rule. 


ROUNDING WHOLE NUMBERS 


To round to a certain place: 


a) Locate the digit in that place. 
b) Consider the next digit to the right. 


c) Ifthe digit to the right is 5 or higher, round up. If the digit to the 
right is 4 or lower, round down. 


d) Change all digits to the right of the rounding location to zeros. 


EXAMPLE 14 Round 6485 to the nearest ten. 


a) Locate the digit in the tens place, 8. 
6485 


uN 


b) Consider the next digit to the right, 5. 
6485 


uy 


c) Since that digit, 5, is 5 or higher, round 8 tens up to 9 tens. 


d) Change all digits to the right of the tens digit to zeros. 


6 4 9 0 < This is the answer. 


EXAMPLE 15 Round 6485 to the nearest hundred. 


a) Locate the digit in the hundreds place, 4. 
6485 


b) Consider the next digit to the right, 8. 
6485 


Do Exercises 41-44. 


c) Since that digit, 8, is 5 or higher, round 4 hundreds up to 5 hundreds. 


d) Change all digits to the right of hundreds to zeros. 


6 5 0 0 < This is the answer. 


EXAMPLE 16 Round 6485 to the nearest thousand. 


a) Locate the digit in the thousands place, 6. 


6485 


b) Consider the next digit to the right, 4. 
6485 


‘ 


| Do Exercises 45-48. 


c) Since that digit, 4, is 4 or lower, round down, meaning that 6 thousands 
stays as 6 thousands. 


d) Change all digits to the right of thousands to zeros. 


6000 < This is the answer. 


Caution! 


Do Exercises 49-52. 


7000 is not a correct answer to Example 16. It is incorrect to round from the 
ones digit over, as follows: 


Note that 6485 is closer to 6000 than it is to 7000. 


6485 — 6490 — 6500 — 7000. 


Round to the nearest ten. 
Al. 137 42. 473 


43. 235 44, 285 


Round to the nearest hundred. 
45. 641 46. 759 


47. 1871 48. 9325 


Round to the nearest thousand. 


49. 7896 50. 8459 
51. 19,343 52. 68,500 
Answers 


41. 140 42.470 43. 240 44. 290 
45. 600 46. 800 47. 1900 48. 9300 
49. 8000 50. 8000 51. 19,000 

52. 69,000 
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53. 


54. 


55. 


56. 


57. 


58. 


Round 48,968 to the nearest ten, 


hundred, and thousand. 


Round 269,582 to the nearest 
ten, hundred, and thousand. 


Estimate the sum by first 
rounding to the nearest ten. 
Show your work. 
74 
23 
3 5 
+66 


Estimate the sum by first 
rounding to the nearest 
hundred. Show your work. 
650 
685 
23 & 
a ll @ @ 


Estimate the difference by first 
rounding to the nearest 
hundred. Show your work. 
928 5 
=673¢ 


Estimate the difference by first 
rounding to the nearest 
thousand. Show your work. 
DB 0 '3 
= 11,69 8 


Answers 


53. 
54. 
55. 
56. 
57. 
58. 


48,970; 49,000; 49,000 

269,580; 269,600; 270,000 

70 + 20 + 40 + 70 = 200 

700 + 700 + 200 + 200 = 1800 
9300 — 6700 = 2600 

23,000 — 12,000 = 11,000 
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Sometimes rounding involves changing more than one digit in a number. 


EXAMPLE 17 Round 78,595 to the nearest ten. 
a) Locate the digit in the tens place, 9. 


78,595 
+ 


b) Consider the next digit to the right, 5. 
78,595 


c) Since that digit, 5, is 5 or higher, round 9 tens to 10 tens. To carry this out, 
we think of 10 tens as 1 hundred + 0 tens and increase the hundreds digit 
by 1, to get 6 hundreds + 0 tens. We then write 6 in the hundreds place 
and 0 in the tens place. 


d) Change the digit to the right of the tens digit to zero. 
7 8,6 0 0 < This is the answer. 


Note that if we round this number to the nearest hundred, we get the 
same answer. 


Do Exercises 53 and 54.) 


e) Estimating 


Estimating can be done in many ways. In general, an estimate made by 
rounding to the nearest ten is more accurate than one rounded to the nearest 
hundred, and an estimate rounded to the nearest hundred is more accurate 
than one rounded to the nearest thousand, and so on. 
EXAMPLE 18 Estimate this sum by first rounding to the nearest ten: 

78 + 49 + 31 + 85. 


We round each number to the nearest ten. Then we add. 


78 8 0 
49 5 0 
3.1 3 0 
+85 +90 


25 0 < Estimated answer 
Do Exercises 55 and 56.] 


EXAMPLE 19 Estimate the difference by first rounding to the nearest thou- 
sand: 9324 — 2849. 


We have 
9324 9000 
—-2849 —-3000 


6 0 0 O < Estimated answer 


Do Exercises 57 and 58.) 


EXAMPLE 20 Estimate the following product by first rounding to the 
nearest ten and then to the nearest hundred: 683 X< 457. 


Nearest ten 


6 8 0 683 ~ 680 

x 460 457 ~ 460 
40800 
272000 
3 1:2;8°0 0 


Nearest hundred 


700 683 ~ 700 
x 5 0 0 457 ~ 500 


350,000 
Exact 
6 8 3 
x 457 
4781 
34150 
efe 200 59. Estimate the product by first 
o 12,0 51 rounding to the nearest ten and 
: : ; i then to the nearest hundred. 
We see that rounding to the nearest ten gives a better estimate than rounding to Show your work 
the nearest hundred. 5 4 


Do Exercise 59. x 245 


EXAMPLE 21 Estimate the following quotient by first rounding to the 
nearest ten and then to the nearest hundred: 12,238 + 175. 


Nearest ten Nearest hundred 


6 8 61 
180)12,240 200)12,200 


1080 1200 
1440 200 
1440 200 60. Estimate the quotient by first 
0 0 rounding to the nearest 
hundred. Show your work. 
| Do Exercise 60. 64,534 + 349 
In the sentence 7 — 5 = 2, the equals sign indicates that 7 — 5 is the same 
as 2. When we round to make an estimate, the outcome is rarely the same as the 
exact result. Thus we cannot use an equals sign when we round. Instead, we use 
the symbol ~. This symbol means “is approximately equal to.” In Example 19, 
for instance, we could write 
9324 — 2849 ~ 6000. 
Answers 


59. 840 X 250 = 210,000; 
800 < 200 = 160,000 
60. 64,500 + 300 = 215 
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61. 


Microwave Ovens. Suppose 
Ellen chooses a smaller model of 
microwave oven that costs $198. 
Estimate, by rounding to the near- 
est ten, the total cost of 12 ovens. 


Refer to the chart at right to do 
Margin Exercises 62 and 63. 


62. 


63. 


By eliminating at least one 
option, determine how Jon and 
Joanna can buy an ASTRA and 
stay within their budget. Keep in 
mind that purchasing the 
sunroof also requires the 
purchase of air conditioning. 


Elizabeth and C.J. are also con- 
sidering buying a Saturn ASTRA 
5-Door XE. Estimate, by round- 
ing to the nearest hundred, the 
cost of this car with automatic 
transmission, air conditioning, 
and StabiliTrak Stability Control. 


Answers 


61. $2000 


62. Eliminate either the 


automatic transmission or the sunroof. There 


are other correct answers as well. 


63. $19,300 
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The next two examples show how estimating can be used in making a 
purchase. 


EXAMPLE 22 Microwave Ovens. Ellen manages a small apartment 
building and is planning to purchase a new over-the-range microwave oven 
for each of the 12 units in the building. One model that she is considering 
costs $248. Estimate, by rounding to the nearest ten, the total cost of the 
purchase. 


We have 


250 
x 10 
25 0 0. 


The microwave ovens will cost about $2500. 


Do Exercise 61. J 


Whole Numbers 


EXAMPLE 23 Purchasinga New Car. Jon and Joanna are shopping fora 
new car. They are considering buying a Saturn ASTRA 5-Door XE. The base 
price of the car is $16,495. A 4-speed automatic transmission package can be 
added to this, as well as several other options, as shown in the chart below. 
Jon and Joanna want to stay within a budget of $20,000. 

Estimate, by rounding to the nearest hundred, the cost of the ASTRA with 
the automatic transmission package and all other options and determine 
whether this will fit within their budget. 


First, we list the base price of the car and then the cost of each of the 
options. We then round each number to the nearest hundred and add. 


16,495 16,5 00 
1325 1300 
350 400 
960 1000 
1200 1200 
250 300 

+ 495 + 500 


2 1,2 0 0 < Estimated cost 


The estimated cost is $21,200. This exceeds Jon and Joanna’s budget of 
$20,000, so they will have to forgo at least one option. 


Do Exercises 62 and 63.] 


13. 


17. 


21. 


25. 


29. 


. 3-509 


. 90(53) 


28 
24 


08 
00 


22. 


26. 


30. 


. 7+ 806 


. 60(78) 


28 
tee 


0 6 
0 0 
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11. 


15. 


19. 


23. 


27. 


31. 


. 7(9229) 


(47)(85) 


PS 


main, TG 


DOWNLOAD 


PRACTICE 


WATCH 


4. 


20. 


24. 


28. 


32. 


READ 


2340 
x 1000 


. 4(7867) 


. (34) (87) 


346 


6408 


65 


i) 
= 


6009 
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35 


REVIEW 


(b) Find the area of each region. 


33. 34. 129 yd 


65 yd 
728 mi 


728 mi 


35. Find the area of the region formed by the base lines on 36. Find the area of a standard-sized hockey rink. 
a Major League Baseball diamond. 


(c) Divide, if possible. If not possible, write “not defined.” 


23 37 
37. 72 +6 38. 54 + 9 39. — 40. — 
23 37 
41. 22-1 a2, 2° re ee ee 
1 7 32 
16 48 20 
45, — 46. 74 + 47. — 48. — 
5 0 6. 7 0 7 8 8 Ft 
Divide. 
49. 277 = 5 50. 699 = 3 51. 864 = 8 52. 869 + 8 
53.4)1228 54.3)2124 55.6) 4521 56.9) 9110 
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57. 


61. 


65. 


69. 


73. 


77. 


81. 


85. 


297 +4 


5) 8515 


127,000 + 10 


70)3692 


852 = 21 


Lirj3ei93 


5)8047 


1058 + 46 


58. 


62. 


66. 


70. 


74. 


78. 


82. 


86. 


389 + 2 


3)6027 


127,000 + 100 


20)5798 


942 + 23 


iO2)5¢612 


9)7273 


7242 + 24 


59 


63 


67 


71. 


75. 


79 


83 


87 


. 738 + 8 


.9) 8888 


- 127,000 + 1000 


30)875 
85)7672 
.8)843 
.5)5036 
. 3425 + 32 


60. 


64. 


68. 


72. 


76. 


80. 


84. 


88. 


881 + 6 


8)4139 


4260 + 10 


40)987 


54)2729 


7)749 


7)7074 


48)4899 
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89.24) 8880 90.36)7563 91.28)17,067 92.36) 28,929 


93.80) 24,320 94.90) 88,560 95.285)999,999 
96.306)888,888 97.456) 3,679,920 98.803) 5,622,606 


| d Round to the nearest ten. 


99. 48 100. 532 101. 463 102. 8945 


103. 731 104. 54 105. 895 106. 798 


Round to the nearest hundred. 
107. 146 108. 874 109. 957 110. 650 


111. 9079 112. 4645 113. 32,839 114. 198,402 


Round to the nearest thousand. 
115. 5876 116. 4500 117. 7500 118. 2001 


119. 45,340 120. 735,562 121. 373,405 122. 6,713,255 


e Estimate each sum or difference by first rounding to the nearest ten. Show your work. 


123. 78 124. 62 125. 8074 126. 673 
9 2 97 —-2347 = «28 
46 
+81 
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Estimate each sum or difference by first rounding to the nearest hundred. Show your work. 


127, 7348 128. 568 129. 6852 130. 9438 
+9247 472 —-1748 =2787 
938 
+402 


Estimate each sum or difference by first rounding to the nearest thousand. Show your work. 


131, 9643 132. 7648 133. 92,149 134. 84,890 
4821 9348 = 225 5S —-11,110 
8943 7842 

+7004 +2222 

135. Banquet Attendance. Tickets to the annual awards 136. School Fundraiser. For aschool fundraiser, Charlotte 
banquet for the Riviera Swim Club cost $28 each. Ticket sells trash bags at a price of $11 per box. If her sales 
sales for the banquet totaled $2716. Estimate the num- total $2211, estimate the number of boxes sold by 
ber of people who attended the banquet by rounding rounding the price per box to the nearest ten and the 
the cost of a ticket to the nearest ten and the total sales total sales to the nearest hundred. 


to the nearest hundred. 


Estimate each product by first rounding to the nearest ten. Show your work. 


137. 45 138. 51 139. 34 140. 63 
x67 x 78 x 29 x54 


Estimate each product by first rounding to the nearest hundred. Show your work. 


141. 876 142, 355 143. 432 144. 789 
x 345 x 299 x 199 x 434 
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Estimate each quotient by first rounding to the nearest ten. Show your work. 


145. 


347 + 73 146. 454 + 87 


147. 8452 + 46 


148. 1263 + 29 


Estimate each quotient by first rounding to the nearest hundred. Show your work. 


149. 


1165 + 236 150. 3641 + 571 


151. 8358 + 295 


152. 32,854 + 748 


Planning a Kitchen. Perfect Kitchens offers custom kitchen packages with three choices for each of four items: cabinets, coun- 
tertops, appliances, and flooring. The chart below lists the price for each choice. Customers design their kitchens by making one 
selection from each group of items. 


153. Estimate the cost of remodeling a kitchen with choices 


CABINETS 


COUNTERTOPS 


(a) 
(b) 
(c) 


Laminate $ 
—" 
Solid surface | 


Granite — 


APPLIANCES PRICE RANGE PRICE 


FLOORING 


155. 


157. 


1 \\ | $1540 
Biase 


Travertine 
(I) Hardwood 


Sara and Ben are planning to remodel their kitchen and 
have a budget of $17,700. Estimate by rounding to the 
nearest hundred dollars the cost of their kitchen 
remodeling project if they choose options (b), (e), (i), 
and (k). Can they afford their choices? 


Suppose you are planning a new kitchen and must stay 
within a budget of $14,500. Decide on the options you 
would like and estimate the cost by rounding to the 
nearest hundred dollars. Does your budget support 
your choices? 
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(a), (d), (g), and (j) by rounding to the nearest hundred 
dollars. 


154. Estimate the cost of a kitchen with choices (c), (f), (i), 


and (1) by rounding to the nearest hundred dollars. 


156. The Davidsons must make a final decision on the 


kitchen choices for their new home. The allotted 
kitchen budget is $16,000. Estimate by rounding to the 
nearest hundred dollars the kitchen cost if they choose 
options (a), (f), (h), and (1). Does their budget allotment 
cover the cost? 


158. Suppose you are planning a new kitchen and must stay 


within a budget of $18,500. Decide on the options you 
would like and estimate the cost by rounding to the 
nearest hundred dollars. Does your budget support 
your choices? 
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Skill Maintenance 


In each of Exercises 159-166, fill in the blank with the correct term from the given list. Some of the choices may not be used and 
some may be used more than once. 


159. The distance around an object is its « [L.2b] addends 
factors 
area 

160. The is the number from which another number . 

is being subtracted. [1.2c] Petter 
minuend 
subtrahend 

161. For large numbers, are separated by commas product 

into groups of three, called . [lla] 
digits 
periods 

162. In the sentence 28 + 7 = 4, the is 28. [1.3c] additive 
multiplicative 

163. In the sentence 10 x 1000 = 10,000, 10 and 1000 are called dividend 

and 10,000 is called the . [13a] quotient 
remainder 

164. The number 0 is called the ___________ identity. [1.2a] divisor 

165. The number 1 is called the identity. [1.3a] 


166. We can use the following statement to check division: 
quotient - + = 
[1.3c] 


Synthesis 


167. Complete the following table. 168. Find a pair of factors whose product is 36 and: 


a) whose sum is 13. 
b) whose difference is 0. 


c) whose sum is 20. 
68 3672 d) whose difference is 9. 
| 84 117 
| 32 12 
Ss 
169. A group of 1231 college students is going to take buses 170. #Fill in the missing digits to make the equation true: 

for a field trip. Each bus can hold 42 students. How ; 
many buses are needed? 34,584,132 ~ 76 = 4[_],386. 


= An 18-story office building is box-shaped. Each floor measures 172 ft by 84 ft with a 20-ft by 35-ft rectangular area lost to 
an elevator and a stairwell. How much area is available as office space? 
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Find a number that makes each 
sentence true. 
ioe | 


2 EL/+2=7 


3. Determine whether 7 is a 
solution of |_|+ 5 = 9. 


4, Determine whether 4 is a 
solution of |_|+ 5 = 9. 


Solve by trial. 
is far = 
6x-2=8 
od or = 
8.10 + t = 32 

Answers 


17 2.5 3.No 4. Yes 
6.10 7.5 8, 22 
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(a) Solutions by Trial 


Let’s find a number that we can put in the blank to make this sentence true: 
9=3+L]. 
We are asking “9 is 3 plus what number?” The answer is 6. 


9=3+6 


Do Exercises 1 and 2. } 


A sentence with = is called an equation. A solution of an equation is a 
number that makes the sentence true. Thus, 6 is a solution of 


9=3+ because 9 = 3 + Gis true. 


However, 7 is not a solution of 


9=3+ because 9 = 3 + 7is false. 


Do Exercises 3 and 4. J 


We can use a letter in an equation instead of a blank: 


9=3+n. 


We call n a variable because it can represent any number. If a replacement for 
a variable makes an equation true, it is a solution of the equation. 


SOLUTIONS OF AN EQUATION 


A solution of an equation is a replacement for the variable that makes 


the equation true. When we find all the solutions, we say that we have 
solved the equation. 


| EXAMPLE1 Solvey + 12 = 27 bytrial. 


We replace y with several numbers. 


If we replace y with 13, we get a false equation: 13 + 12 = 27. 
If we replace y with 14, we get a false equation: 14 + 12 = 27. 
If we replace y with 15, we get a true equation: 15 + 12 = 27. 


No other replacement makes the equation true, so the solution is 15. 


! EXAMPLES Solve. 


2 7+ n= 22 3.63 =3-x 


(7 plus what number is 22?) (63 is 3 times what number?) 
The solution is 15. The solution is 21. ) 


Do Exercises 5-8. 


(b) Solving Equations 


We now begin to develop more efficient ways to solve certain equations. 
When an equation has a variable alone on one side and a calculation on the 
other side, we can find the solution by carrying out the calculation. 


EXAMPLE 4 Solve: x = 245 X 34. 
To solve the equation, we carry out the calculation. 


245 x = 245 x 34 
x 34 x = 8330 Solve. 
aie O 9. 346 x 65 = y 
7350 
8330 10. x = 2347 + 6675 
The solution is 8330. j 11. 4560 + 8 =f 


| Do Exercises 9-12. 12. x = 6007 — 2346 
Look at the equation 
x + 12 = 27. 


We can get x alone by subtracting 12 on both sides. Thus, 


x+12-12= 27-12 Subtracting 12 on both sides 
x+0=15 Carrying out the subtraction 
x= 15. 


SOLVING x + a=b 


To solve x + a = b, subtract a on both sides. 


If we can get an equation in a form with the variable alone on one side, 
we can “see” the solution. 


EXAMPLE 5. Solve: ¢ + 28 = 54. 


We have 
t+ 28 = 54 
t+ 28 — 28 = 54 — 28 Subtracting 28 on both sides 
t+ 0 = 26 


= 26. 


To check the answer, we substitute 26 for tin the original equation. 


Check: t+ 28 = 54 
26 + 28 2 54 Solve. Be sure to check. 
54 | TRUE Since 54 = 54 is true, 26 checks. 12, et OS 17 
The solution is 26. ) 14. 77 = m + 32 


| Do Exercises 13 and 14. 


Answers 


9. 22,490 10.9022 11.570 12. 3661 
13.8 14. 45 
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| EXAMPLE 6 Solve: 182 = 65 + n. 


We have 
182 =65+n 
182 — 65 = 65 + n- 65 Subtracting 65 on both sides 
117 =0+n 65 plus n minus 65 is 0 + n. 
117 =n. 


Check: 182 =65+n 


182 2 65+ 117 
| 182 TRUE 


The solution is 117. 
15. Solve: 155 = t + 78. Be sure to 


check. Do Exercise 15. 


! EXAMPLE 7 Solve: 7381 + x = 8067. 
We have 


7381 + x = 8067 
7381 + x — 7381 = 8067 — 7381 Subtracting 7381 on both sides 


x = 686. 
Check: 7381 + x = 8067 
7381 + 686 ? 8067 
8067 | TRUE 
Solve. Be sure to check. 
16. 4566 + x = 7877 The solution is 686. } 
17. 8172 = h + 2058 Do Exercises 16 and 17. 
We now learn to solve equations like 8 - n = 96. Look at 


8-n= 96. 
We can get n alone by dividing by 8 on both sides. Thus, 
8:n_ 96 


8 8 
n= 12. 8 times n divided by 8 is n. 


Dividing by 8 on both sides 


To check the answer, we substitute 12 for n in the original equation. 
Check: 8-n = 96 
8-122 96 


96 | TRUE 


Since 96 = 96 is a true equation, 12 is the solution of the equation. 


SOLVING a-x =b 


To solve a - x = b, divide by a on both sides. 


Answers 
15.77 16.3311 17. 6114 
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. EXAMPLE 8 Solve: 10- x = 240. 


We have 
10 - x = 240 
10 - 240 
= e Ta Dividing by 10 on both sides 
x = 24. 


Check: 10-x = 240 
10 - 24 2 240 
240 | TRUE 


The solution is 24. j 


| EXAMPLE 9 Solve: 5202 = 9: t. 


We have 
5202 =9-t 
> ~ — Dividing by 9 on both sides 
578 = ft. 


Check: 5202 = 9-¢t 


5202 2? 9-578 Solve. Be sure to check. 
| 5202 TRUE 1G. 8 = ot 
The solution is 578. ) 19. 144=9-n 


Do Exercises 18-20. 20. 5152 = 8-t 


' EXAMPLE 10 Solve: 14- y = 1092. 


We have 
14- y = 1092 
14: 1092 
—- = = Dividing by 14 on both sides 
y= 78. 
The check is left to the student. The solution is 78. q 


| EXAMPLE 11 Solve: n- 56 = 4648. 


We have 
n- 56 = 4648 
: 464 
it — = = Dividing by 56 on both sides 
n = 83. 


Solve. Be sure to check. 
The check is left to the student. The solution is 83. ) 21. 18- y = 1728 


| Do Exercises 21 and 22. 2, 7 2 A = ABP 


Answers 
18.8 19.16 20.644 21.96 22. 94 
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For Extra Help 


MyMathLab 


mary [A & 


PRACTICE WATCH DOWNLOAD 


lx+0=14 2.x-7= 18 3.y-17=0 4.56>m=7 
(b) Solve. Be sure to check. 

5. x = 12,345 + 78,555 6. t = 5678 + 9034 7. 908 — 458 = p 8. 9007 — 5667 = m 
9.16-22=y 10. 34-15 =2z ll. f= 125-5 12. w = 256 + 16 
13. 13 + x = 42 14. 15 + t = 22 15.12 =12+m 16. 16 = f+ 16 

17. 10 + x = 89 18. 20 + x = 57 19.61 = 16+ y 20.53 = 17+ w 
21.3-x = 24 22.6-x = 42 23. 112 =n- 8 24. 162 =9-m 
25.3-m = 96 26. 4-y = 96 27. 715=5:-2Z 28. 741 =3-¢ 

29. 8322 + 9281 = x 30. 9281 — 8322 = y 31. 47 + n = 84 32. 56 + p = 92 


33. 


45-23 =x 
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34. 


23-78 =y 


Whole Numbers 


35. x + 78 = 144 


36. 


Z+ 67 = 133 
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37. 6: p = 1944 38. 4- w = 3404 


4l. x + 214 = 389 42. x + 221 = 333 


45. 234-78 =y 46. 10,534 + 458 = q 


49. 40 - x = 1800 50. 20 - x = 1500 


53. m = 7006 — 4159 54. n = 3004 — 1745 


57. 58 - m = 11,890 58. 233 - x = 22,135 


Skill Maintenance 


Divide. [1.3c] 


61. 1283 + 9 62. 1278 + 9 


Use > or < for 
65. 123 [_] 789 


to write a true sentence. [1.1d] 
66. 342 [_] 339 


69. Round 6,375,602 to the nearest thousand. [1.3d] 


Synthesis 


Solve. 
71. # 23,465 - x = 8,142,355 


39. 5-+x = 3715 40. 9 - x = 1269 

43. 567 + x = 902 44, 438 + x = 807 
47. 18+ x = 1872 48. 19 - x = 6080 
51. 2344 + y = 6400 52. 9281 = 8322 + t 
55. 165 =11-n 56. 660 = 12-n 
59. 491 — 34 =y 60. 512 - 63 = z 
63.17)5678 64.17)5689 
67. 688 __] 0 68. 0 [] 11 


70. Round 6,375,602 to the nearest ten. [1.3d] 


72. # 48,916 - x = 14,332,388 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. Ifa—b=c,thenb=a+e. [1.2c] 


2. We can think of the multiplication 4 x 3 as a rectangular array containing 3 columns with 
4itemsineachcolumn. [1.3a] 


3. The product of two whole numbers is always greater than either of the factors. [1.3a] 


4. Zero divided by any nonzero number is 0. [1.3c] 
5. Any number divided by 1 is the number 1. [1.3c] 


Guided Solutions 


Fill in each blank with the number that creates a correct statement or solution. 


6. Write a word name for 95,406,237. [1.1c] 7. Subtract: 604 — 497. [1.2c] 
95,406,237 
60 A 
Ninety-five [_], 24 6.7 
thousand, OOO 


Mixed Review 


In each of the following numbers what does the digit 6 mean? [1.1a] 
8. 2698 9. 61,204 10. 146,237 11. 586 


Consider the number 306,458,129. What digit names the number of: _[1.1a] 


12. tens 13. millions 14, ten thousands 15. hundreds 
Write expanded notation. [1.1b] Write aword name. [1.1c] 
16. 5602 17. 69,345 18. 136 19. 64,325 


Write standard notation. [1.1c] 


20. Three hundred eight thousand, seven hundred sixteen 21. Four million, five hundred sixty-seven thousand, 
two hundred sixteen 


Use < or > for [_] to write a true sentence. [1.1d] 


2256) 16 23. 100 101 24. 0 18 25. 380 327 
Solve. [1.4b] 
26. 4- b= 72 2045 — 223 ey 2808 —1712565 25 29. 3902 — 260 = y 
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Add. [1.2a] 


30. 316 Bile ay B) 8} 32.) 21633 33. 4617 
seed Or +437 +5284 2436 
a 4, 8 il 


Subtract. [1.2c] 


34. 786 35. 624 36. 3602 37. 5004 
= 67 ll =), 10) 0) 1748 = 657°6 


Multiply. [1.3a] 


38. 36 390) 976) % 40. 407 41. 9435 
x 6 x 208 32225 x 602 


x 


Divide. [1.3c] 


42.4) 0 002 Ad s3 ol 44.60)1399 45.56) 8095 
46. Find the perimeter of the figure. [1.2b] 47. Find the area of the region. [1.3b] 
10m 
3m sea 2in. 
8m Ain. 
48. Round 647 to the nearest hundred. [1.3d] 49. Round 823,502 to the nearest thousand. [1.3d] 


50. Estimate the product 218 X< 865 by first rounding to the 
nearest hundred. [1.3e] 


Understanding Through Discussion and Writing 


To the student and the instructor: The Discussion and Writing exercises are meant to be answered with one or more 
sentences. They can be discussed and answered collaboratively by the entire class or by small groups. 


51. Explain how estimating and rounding can be useful 52. Explain why we use commas when writing large 
when shopping for groceries. [1.3e] numbers. [1.1la] 
53. Describe a situation that corresponds to each 54. Suppose a student asserts that “O + 0 = 0 because 
multiplication: 4- $150; $4-150. [1.3a] nothing divided by nothing is nothing.” Devise an expla- 
nation to persuade the student that the assertion is 
false. [1.3c] 
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CHAPTER 1 


Whole Numbers 


(a) A Problem-Solving Strategy 


One of the most important ways in which we use mathematics is as a tool in 
solving problems. To solve a problem, we use the following five-step strategy. 


FIVE STEPS FOR PROBLEM SOLVING 


1. Familiarize yourself with the problem situation. If the problem is 
presented in words, this means to read and reread it carefully until 
you understand what you are being asked to find. Some or all of 
the following can also be helpful. 


a) Make a drawing, if it makes sense to do so. 


b) Make a written list of the known facts and a list of what you 
wish to find out. 


c) Assign a letter, or variable, to the unknown. 
d) Organize the information in a chart or a table. 


e) Find further information. Look up a formula, consult a reference 
book or an expert in the field, or do research on the Internet. 


f) Guess or estimate the answer and check your guess or estimate. 
2. Translate the problem to an equation using the variable. 
3. Solve the equation. 


4. Check to see whether your possible solution actually fits the 
problem situation and is thus really a solution of the problem. 
Although you may have solved an equation, the solution of the 
equation might not be a solution of the original problem. 


5. State the answer clearly using a complete sentence and 
appropriate units. 


The first of these five steps, becoming familiar with the problem, is prob- 
ably the most important. It provides a solid foundation for translating the 
problem to an equation that represents the situation accurately. 


EXAMPLE 1 Community Colleges and New Jobs. Community colleges 
are playing an increasingly large role in educating America’s work force. The 
numbers of new jobs requiring a community college degree that will be cre- 
ated between 2004 and 2014 are shown in the table on the next page. Find the 
total number of new jobs for registered nurses, nursing aides and orderlies, 
and medical assistants. 


New Jobs Created, 2004-2014 


NUMBER 
ae 


Registered nurse - 703,000 
Customer service 471,000 nc, ‘om 


Nursing aide; orderly 325,000 
Heavy-truck driver 223,000 
Maintenance; repair 202,000 


Medical assistant 202,000 
Executive secretary/assistant | 192,000 
Sales representative 187,000 
Carpenter | 186,000 | 


SOURCES: U.S. Bureau of Labor Statistics; 
College Board Center for Innovative Thought 


. Familiarize. First, we assign a letter, or variable, to the number we wish 
to find. We let n = the total number of new jobs created for registered 
nurses, nursing aides and orderlies, and medical assistants. Since we are 
combining numbers, we will add. 


. Translate. We translate to an equation: 


Registered Nursing aides’ Medical Total 
nurses’ and ordertlies’ assistants’ number 
jobs plus jobs plus jobs is ofjobs 


703,000 + 325,000 fs 202,000 


. Solve. We solve the equation by carrying out the addition. 


703,000 703,000 + 325,000 + 202,000 = n 
325,000 1,230,000 = n 
+ 202,000 
1,230,000 


. Check. We check 1,230,000 in the original problem. There are many 
ways in which this can be done. For example, we can repeat the calcula- 
tion. (We leave this to the student.) Another way is to check whether the 
answer is reasonable. In this case, we would expect the total to be greater 
than the number of each individual type of new job, and it is. We can also 
estimate the expected result by rounding. Here we round to the nearest 
hundred thousand: 


703,000 + 325,000 + 202,000 ~ 700,000 + 300,000 + 200,000 


1,200,000. 


2 


2 


Since 1,200,000 ~ 1,230,000, our answer seems reasonable. If the esti- 
mate had differed greatly from the possible solution found in step (3), we 
would suspect that the possible solution is incorrect. 


. State. The total number of new jobs created for registered nurses, nurs- 
ing aides and orderlies, and medical assistants between 2004 and 2014 is 
1,230,000. ! 


Do Exercises 1-3. 


1.5 


Refer to the table above to do Margin 
Exercises 1-3. 


1. Find the total number of new 
jobs that will be created for 
customer-service representatives, 
executive secretaries/assistants, 
and sales representatives. 


2. Find the total number of new 
jobs that will be created for 
heavy-truck drivers, main- 
tenance and repair workers, 
and carpenters. 


3. Find the total number of new 
jobs listed in the table. 


Answers 


1. 850,000 newjobs 2. 611,000 new jobs 
3. 2,691,000 new jobs 
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4. Checking Account Balance. 
The balance in Laura’s checking 
account is $457. She uses her 
debit card to buy a digital- 
picture frame that costs $49. 
Find the new balance in her 
checking account. 


Answer 
4. $408 
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EXAMPLE 2 Checking Account Balance. The balance in Francisco's 
checking account is $573. He uses his debit card to buy a juicer that costs $99. 
Find the new balance in his checking account. 


1. 


Familiarize. We first make a drawing or at least visualize the situation. 
We let B = the new balance in Francisco’s checking account. We start 
with $573 and take away $99. 


Take away 
S| 
$573 New balance 
. Translate. We translate to an equation: 
Money 
in the Money New 


account minus spent is _ balance 


boy hy 


- Solve. This equation tells us what to do. We subtract. 
16 
4 613 
BT 3B 573 — 99 = B 
-— 99 474 = B 
474 


. Check. To check our answer of $474, we can repeat the calculation. We 
can also note that the answer should be less than the original amount, 
$573, and it is. Another way to check is to add the money spent, $99, to 
the new balance, $474: $99 + $474 = $573. We get the original balance, 
so the answer checks. We can also estimate: 


$573 — $99 ~ $570 — $100 = $470 © $474. 


This tells us that the answer is reasonable. 
. State. The new balance in Francisco's checking account is $474. 


Do Exercise 4. 


In the real world, problems may not be stated in written words. You must 


still become familiar with the situation before you can solve the problem. 


EXAMPLE 3. Travel Distance. Abigail is driving from Indianapolis to Salt 
Lake City to attend a family reunion. The distance from Indianapolis to Salt 
Lake City is 1634 mi. In the first two days, she travels 1154 mi to Denver. How 
much farther must she travel? 


1. Familiarize. We first make a drawing or at least visualize the situation. 


We let d = the remaining distance to Salt Lake City. 


2. Translate. We want to determine how many more miles Abigail must 
travel. We translate to an equation: 
Distance Total 
already Distance distance 
traveled plus togo is  oftrip 
1154 ate d = 1634. 


3. Solve. To solve the equation, we subtract 1154 on both sides. 


3) 


1154 + d = 1634 1634 
1154 + d — 1154 = 1634 — 1154 -—-1154 
d = 480 480 


4. Check. We check our answer of 480 mi in the original problem. This 
number should be less than the total distance, 1634 mi, and it is. We can 
add the distance traveled, 1154, and the distance left to go, 480: 
1154 + 480 = 1634. We can also estimate: 


1634 — 1154 = 1600 — 1200 
= 400 = 480. 


ou 


Reading Assignment. William 
has been assigned 234 pages of 
reading for his history class. He 
5. State. Abigail must travel 480 mi farther to Salt Lake City. ) has read 86 pages. How many 


more pages does he have to 


Do Exercise 5. read? 


|! EXAMPLE 4 Total Cost of Chairs. What is the total cost of 6 Adirondack 
chairs if each one costs $169? 


The answer, 480 mi, checks. 


1. Familiarize. We first make a drawing or at least visualize the situation. 
We let C = the cost of 6 chairs. 


5169 $169 $169 5169 5169 5169 


424eee 


Answer 
5. 148 pages 
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2. Translate. We translate to an equation: 


Number Cost of Total 
ofchairs times eachchair is _ cost 


1 yy 


6 x $169 = C 
3. Solve. This sentence tells us what to do. We multiply. 
169 6 x 169=C 
x 6 1014=C 
1014 


4. Check. We have an answer, 1014, that is much greater than the cost of 
any individual chair, which is reasonable. We can repeat our calculation. 
We can also check by estimating: 


6 X 169 + 6 X 170 © 1020 & 1014. 
6. Total Cost of Gas Grills. What 


is the total cost of 14 gas grills, 
each with 520 sq in. of total 5. State. The total cost of 6 chairs is $1014. 


cooking surface, if each one 


costs $3982 Do Exercise 6. 


_ EXAMPLE 5 Area of an Oriental Rug. The dimensions of the oriental 
rug in the Fosters’ front hallway are 42 in. by 66 in. What is the area of the rug? 


The answer checks. 


1. Familiarize. We first make a drawing to visualize the situation. We let 
A = the area of the rug and use the formula for the area of a rectangle, 
A = length - width = /- w. Since we usually consider length to be larger 
than width, we will let / = 66 in. and w = 42 in. 


a 
| 


< 66 in. 


2. Translate. We substitute in the formula: 
A=I1-w= 66: 42. 


3. Solve. We carry out the multiplication. 


6 6 A= 66-42 
x 42 A = 2772 
132 
2640 
aa 


: . 4. Check. Wecan repeat the calculation. We can also round and estimate: 
7. Bed Sheets. The dimensions of 


a flat sheet for a queen-size bed 66 X 42 ~ 70 X 40 © 2800 © 2772. 
are 90 in. by 102 in. What is the 


area of the sheer? The answer checks. 


5. State. The area of the rug is 2772 sq in. 


Do Exercise 7. | 


Answers 
6.$5572 7.9180 sqin. 
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' EXAMPLE 6 Packages of Paper Towels. A paper-products company pro- 
duces 3304 rolls of paper towels. How many 12-roll packages can be filled? 
How many rolls will be left over? 


1. Familiarize. We first make a drawing. We let n = the number of 
12-roll packages that can be filled. The problem can be considered as 
repeated subtraction, taking successive sets of 12 rolls and putting 
them into n packages. 


12-roll packages 


How many 
packages? 


How many rolls are left over? 


2. Translate. We translate to an equation: 


Number Number Number 
of divided ineach of 

rolls by package is packages 
3304 + 12 = n. 


3. Solve. We solve the equation by carrying out the division. 


275 
12)3304 

24 

90 

84 

64 
6 0 3304+ 12=n 
4 275R4=n 


4. Check. We can check by multiplying the number of packages by 12 and 


adding the remainder, 4: 8. Packages of Paper Towels. The 


paper-products company in 


12 - 275 = 3300, Example 6 also produces 6-roll 
3300 + 4 = 3304. packages. How many 6-roll 
packages can be filled with 2269 
5. State. Thus, 275 twelve-roll packages of paper towels can be filled. rolls of paper towels? How many 
There will be 4 rolls left over. j rolls will be left over? 


Do Exercise 8. 


Answer 
8. 378 packages with 1 roll left over 
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EXAMPLE 7 Automobile Mileage. The 2009 Toyota Matrix gets 21 miles 
to the gallon (mpg) in city driving. How many gallons will it use in 3843 mi of 
city driving? 
Source: Toyota 
1. Familiarize. We first make a drawing. We let g = the number of gallons 
of gasoline used in 3843 mi of city driving. 


i 
i Ay Pa ‘| oe ee | 7 at «at 
10rd BS | Se 7 allt i nei 
21 mi 21 mi 21 mi eee 21 mi 


3843 mi to drive 


2. Translate. Repeated addition applies here. Thus the following multipli- 
cation applies to the situation. 


Number of 
miles per Number of Number of 
gallon times gallonsused is miles driven 


oe ee 


3. Solve. ‘To solve the equation, we divide by 21 on both sides. 


133 
21+ g = 3843 
21)3843 
al +g _ 3843 21 
2) 0°Ci‘éSKkD — 
174 
g = 183 168 
6 3 
63 
0 
4. Check. To check, we multiply 183 by 21. 
183 
x 21 
183 
9. Automobile Mileage. The 2009 3660 
Toyota Matrix gets 29 miles to 3843 


the gallon (mpg) in highway 
driving. How many gallons will it 
use in 2291 mi of highway 5. State. The Toyota Matrix will use 183 gal of gasoline. 
driving? 


Source: Toyota Do Exercise 9. 


The answer checks. 


Multistep Problems 


Sometimes we must use more than one operation to solve a problem, as in 
the following example. 


EXAMPLE 8 Weight Loss. To lose one pound, you must burn about 3500 

calories in excess of what you already burn doing your regular daily activities. 

The chart on the next page shows how long a person must engage in several 
Answer types of exercise in order to burn 100 calories. For how long would a person 
9. 79 gal have to run at a brisk pace in order to lose one pound? 
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1. Familiarize. This is a multistep problem. We begin by 


visualizing the situation. To burn 100 calories, 
you must: 
ONE POUND 
3500 CALORIES 
100 cal 100 cal 100 cal 
8 min 8 min 8 min 


We will first find how many hundreds are in 3500. This 
will tell us how many times a person must run for 8 min in 
order to lose one pound. Then we will multiply to find the 
total number of minutes required for the weight loss. 

We let x = the number of hundreds in 3500. 


. Translate. We translate to an equation. Repeated addition applies here, 
so we will multiply. 


How 
100 many 
calories times hundreds is 3500 


ot ote 


= 3500 
. Solve. We divide by 100 on both sides of the equation. 


100 - x = 3500 35 
100-x 3500 100)3500 
100 100 300 
x = 35 aos 
500 

0 


We know that running for 8 min will burn 100 calories. This must be done 
35 times in order to lose one pound. We let t = the time it takes to lose 
one pound. Thus we have the following. 


t=35X8 5 
= 280 x 8 
280 


. Check. 280 + 8 = 35, so there are 35 8’s in 280 min, and 35 - 100 = 3500, 
the number of calories that must be burned in order to lose one pound. The 
answer checks. 


. State. You must run for 280 min, or 4 hr 40 min, at a brisk pace in order 
to lose one pound. p 


| Do Exercise 10. 


¢ Run for 8 minutes at a brisk pace, or 

¢ Swim for 2 minutes at a brisk pace, or 
¢ Bicycle for 15 minutes at 9 mph, or 

¢ Do aerobic exercises for 15 minutes, or 
¢ Golf, walking, for 20 minutes, or 

¢ Play tennis, singles, for 11 minutes 


10. Weight Loss. Use the informa- 
tion in Example 8 to determine 
how long an individual must 
swim at a brisk pace in order to 
lose one pound. 


Answer 


10. 70 min, or 1 hr 10 min 
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You will find it helpful to look for the words, phrases, and concepts in the 
table below as you familiarize yourself with applied problems. They will be 
useful when you translate the problems to equations. 


KEYWORDS, PHRASES, AND CONCEPTS 


ADDITION (+) SUBTRACTION (—) MULTIPLICATION (*) DIVISION (+) 


add subtract multiply divide 
added to subtracted from multiplied by divided by 
sum difference product quotient 
total minus times repeated subtraction 
plus less than of missing factor 
more than decreased by repeated addition finding equal quantities 
increased by take away rectangular arrays 

how much more 

ed 


The following tips will also be helpful in problem solving. 


PROBLEM-SOLVING TIPS 


1. Look for patterns when solving problems. Each time you study an 
example in the text, you may observe a pattern for problems found 
later in the exercise sets or in other practical situations. 


2. When translating in mathematics, consider the dimensions of 
the variables and constants in the equation. The variables that rep- 
resent length should all be in the same unit, those that represent 
money should all be in dollars or all in cents, and so on. 


3. Make sure that units appear in the answer whenever appropriate 
and that you completely answer the original problem. 


SOLVING APPLIED PROBLEMS 


Don't be discouraged if, at first, you find the exercises in this section to be 
more challenging than those in earlier sections or if you have had difficulty 
working applied problems in the past. Your skill will improve with each 
problem you solve. After you have done your homework for this section, 
you might want to work extra problems from the text or from the online 
tutorial that accompanies the text. As you gain experience solving applied 
problems, you will find yourself becoming comfortable with them. 
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1. Brick-Mason Expense. A 
commercial contractor is build- 
ing 30 two-unit condominiums 
in a retirement community. The 
brick-mason expense for each 
building is $10,860. What is the 
total cost of bricking the 
buildings? 


. Heights. Dean's sons are on the 


high school basketball team. 
Their heights are 73 in., 69 in., 


and 76 in. How much taller is the 


tallest son than the shortest 
son? 


3. Account Balance. James has 
$423 in his checking account. 
Then he deposits $73 and uses 
his debit card for purchases of 
$76 and $69. How much is left 
in the account? 


. Purchasing Camcorder. A cam- 
corder is on sale for $423. Jenny 
has only $69. How much more 
does she need to buy the 
camcorder? 


5. Purchasing Coffee Makers. Sara 
purchases 8 coffee makers for 
the newly remodeled bed-and- 
breakfast hotel that she 
manages. If she pays $52 for 
each coffee maker, what is the 
total cost of her purchase? 


Translating 
for Success 


The goal of these matching questions is 


to practice step (2), Translate, of the 
five-step problem-solving process. 
Translate each word problem to an 
equation and select a correct 
translation from equations A—O. 


A. 8-52=n 


B. 69-1 = 76 


- 73-76 -69=n 


. 423 + 73 — 76 - 69 =n 


. 30- 10,860 = n 


-15-n= 195 


. 69 + n = 423 


10,860 — 300 


423 + 69 


30 - n = 10,860 


. 15-195=n 


. n=52-8 


. 69 + n = 76 


-15+195=n 


» 52+ n= 60 


Answers on page A-2 


6. Hourly Rate. Miller Auto Repair 


charges $52 per hour for labor. 
Jackson Auto Care charges $60 
per hour. How much more does 
Jackson charge than Miller? 


. College Band. Acollege band 


with 195 members marches in a 
15-row formation in the home- 
coming halftime performance. 
How many members are in each 
row? 


. Shoe Purchase. A professional 


football team purchases 15 pairs 
of shoes at $195 a pair. What is 
the total cost of this purchase? 


9. Loan Payment. Kendra’s uncle 


loans her $10,860, interest free, 
to buy a car. The loan is to be 
paid off in 30 payments. How 
much is each payment? 


. College Enrollment. At the 


beginning of the fall term, the 
total enrollment in Lakeview 
Community College was 10,860. 
By the end of the first two weeks, 
300 students had withdrawn. 
How many students were then 
enrolled? 


For Extra Help 
P 
Math 
MyMathLab|)) ec! a a 


(a) Solve. 


Roller Coasters. The table below shows the lengths of the fastest roller coasters in the world. Use this information to do 
Exercises 1-4. 


Fastest Roller Coasters 


LENGTH 


ROLLER COASTER (in feet) 


Kingda Ka (128 mph) a 
Six Flags Great Adventure, New Jerse 


Top Thrill Dragster (120 mph) . 
Cedar Point, Ohio 


Dodonpa (107 mph) 
Fuji-O Highland, Japan 


Steel Dragon 2000 (95 mph) 
Nagashima Spa Land, Japan 


SOURCE: ultimaterollercoaster.com 


1. How much longer is Kingda Ka than Top Thrill 2. How much longer is Steel Dragon 2000 than Kingda Ka? 
Dragster? 

3. The Steel Dragon 2000 is the longest roller coaster in the 4. The longest roller coaster in the United States is Millen- 
world. It is 683 ft longer than the second-longest roller nium Force, in Cedar Point, Ohio. It is 3795 ft longer 
coaster, The Ultimate, in Lightwater Valley, UK. How than Top Thrill Dragster, in the same amusement park. 
long is The Ultimate? How long is Millennium Force? 

5. Caffeine Content. An 8-oz serving of Red Bull energy 6. Caffeine Content. Hershey’s 6-oz milk chocolate 
drink contains 76 milligrams of caffeine. An 8-0z serving almond bar contains 25 milligrams of caffeine. A 20-0z 
of brewed coffee contains 19 more milligrams of caffeine bottle of Coca-Cola has 32 more milligrams of caffeine 
than the energy drink. How many milligrams of caffeine than the Hershey bar. How many milligrams of caffeine 
does the 8-oz serving of coffee contain? does the 20-oz bottle of Coca-Cola have? 

Source: The Mayo Clinic Source: National Geographic, "Caffeine," by T. R. Reid, January 2005 

7. Acarpenter drills 216 holes in a rectangular array in a 8. Lou arranges 504 entries on a spreadsheet in a rectangu- 
pegboard. There are 12 holes in each row. How many lar array that has 36 rows. How many entries are in each 
rows are there? row? 
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9. 


11. 


13. 


15. Associate’s Degrees. 


TV Watching. On average, people age 12 and older 
spent 1704 hr watching TV in 2008. This is 202 hr more 
than in 2000. Determine the number of hours people in 
this age group spent watching TV in 2000. 


Source: U. S. Census Bureau 


10. 


Drilling Activity. In 1988, there were 554 rotary rigs 
drilling for crude oil in the United States. This was 257 
more rigs than were active in 2007. Find the number of 
active rotary oil rigs in 2007. 


Source: Energy Information Administration 


Boundaries between Countries. The boundary between 
mainland United States and Canada including the Great 
Lakes is 3987 mi long. The length of the boundary 
between the United States and Mexico is 1933 mi. How 
much longer is the Canadian border? 

Source: U.S. Geological Survey 


Pixels. A high-definition television (HDTV) screen 
consists of small rectangular dots called pixels. How 
many pixels are there on a screen that has 1080 rows 
with 1920 pixels in each row? 


Pixel 


About 697,000 associate’s degrees 
were earned in the United States in 2005. Of these, 
429,000 were earned by women. How many men earned 
associate's degrees in 2005? 


12. 


14. 


16. 


Longest Rivers. The longest river in the world is the 
Nile in Egypt at about 4135 mi. The longest river in the 
United States is the Missouri—Mississippi at about 
3860 mi. How much longer is the Nile? 


Crossword. The USA Today crossword puzzle is 
a rectangle containing 15 rows with 15 squares in 
each row. How many squares does the puzzle have 


altogether? 

iJ 2 3 4 5 6 7 8 9 10 [it [12 13 
14 15 16 

7 18 19 

20 21 22 

23 24 

25 (26 |27 |28 29 130 31/32/33 
34 35, 36 


46 47 


48/49 50/51 52 53 54 |55 


Bachelor’s Degrees. About 613,000 bachelor’s degrees 
were earned by men in the United States in 2005. This is 
215,000 fewer than the number of bachelor’s degrees 
earned by women the same year. How many bachelor’s 
degrees were earned by women in 2005? 
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17. There are 24 hr in a day and 7 days in a week. How many 


Housing Costs. 


hours are there in a week? 


Use this graph to do Exercises 19-24. 


19. 


21. 


23. 


25. 


18. There are 60 min in an hour and 24 hr in a day. How 


many minutes are there in a day? 


The graph below shows the average monthly rent for a one-bedroom apartment in several cities in June 2008. 


Average Rent for a One-Bedroom Apartment 


$900 
800 
700 
600 
500 
400 
300 
200 
100 | 


Rent per month 


Pere rere 
Seeee eee ea > 


SOURCE: Apartments.com 


How much higher is the average monthly rent in 
Houston than in Dallas/Fort Worth? 


Phil, Scott, and Julio plan to rent a one-bedroom apart- 
ment in Detroit immediately after graduation, sharing 
the rent equally. What average monthly rent can each of 
them expect to pay? 


On average, how much rent would a tenant pay for a 
one-bedroom apartment in Atlanta during a 12-month 
period? 


Colonial Population. Before the establishment of the 
U.S. Census in 1790, it was estimated that the Colonial 
population in 1780 was 2,780,400. This was an increase 
of 2,628,900 from the population in 1680. What was the 
Colonial population in 1680? 


Source: Time Almanac, 2005 
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Phoenix Dallas/ 


Atlanta Houston 


Fort Worth 


City 


20. 


22. 


24, 


26. 


How much lower is the average monthly rent in Phoenix 
than in Atlanta? 


Maria and her sister Theresa share a one-bedroom 
apartment in Houston, dividing the average 
monthly rent equally between them. How much 
does each pay? 


On average, how much rent would a tenant pay for a 
one-bedroom apartment in Dallas/Fort Worth during a 
6-month period? 


Interstate Speed Limits. The speed limit for passenger 
cars on interstate highways in rural areas in Montana is 
75 mph. This is 10 mph faster than the speed limit for 
trucks on the same roads. What is the speed limit for 
trucks? 
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27. Motorcycle Sales. 


29. Yard-Sale Profit. 


31. 


33. Refrigerator Purchase. 


Motorcycle sales totaled 710,000 in 
the United States in 2000. Sales in 2006 exceeded this 
total by 480,000. How many motorcycles were sold in 
20062 


Source: Motorcycle Industry Council 


Ruth made $312 at her yard sale 
and divided the money equally among her four 
grandchildren. How much did each child receive? 


Parking Rates. The most expensive parking in the 
United States occurs in midtown New York City, where 
the average rate is $585 per month. This is $545 per 
month more than in the city with the least expensive 
rate, Bakersfield, California. What is the average monthly 
parking rate in Bakersfield? 


Source: Colliers International 


28. 


30. 


32. 


Summer Olympics. There were 43 events in the first 
modern Olympic games in Athens, Greece, in 1896. 
There were 259 more events in the 2008 Summer 
Olympics in Beijing, China. How many events were there 
in 20082 


Sources: USA Today research; beijing2008.cn 


Paper Measures. A quire of paper consists of 25 sheets, 
and a ream of paper consists of 500 sheets. How many 
quires are in a ream? 


Trade Balance. In 2006, foreign visitors spent 
$422,594,000,000 traveling in the United States, while 
Americans spent $342,845,000,000 traveling abroad. How 
much more was spent by visitors to the United States 
than by Americans traveling abroad? 

Source: U.S. Census Bureau 


Gourmet Deli has a chain of 

24 restaurants. It buys a commercial refrigerator for each 
store at a cost of $1019 each. Determine the total cost of 
the purchase. 


34. 


Microwave Purchase. Bridgeway College is construct- 
ing new dorms, in which each room has a small kitchen. 
It buys 96 microwave ovens at $88 each. Determine the 
total cost of the purchase. 
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35. 


37. 


39. 


41. 


“Seinfeld.” A local television station plans to air the 

177 episodes of the long-running comedy series 
“Seinfeld.” If the station airs 5 episodes per week, how 
many full weeks will pass before it must begin re-airing 
previously shown episodes? How many unaired episodes 
will be shown the following week before the previously 
aired episodes are rerun? 


Automobile Mileage. The 2008 Hyundai Tucson GLS 
gets 25 miles to the gallon (mpg) in highway driving. 
How many gallons will it use in 5900 mi of highway 
driving? 

Source: Hyundai 


Crossword. The Los Angeles Times crossword puzzle is 
a rectangle containing 441 squares arranged in 21 rows. 
How many columns does the puzzle have? 


High School Court. The standard basketball court used 
by high school players has dimensions of 50 ft by 84 ft. 


a) What is its area? 
b) What is its perimeter? 
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36. 


38. Automobile Mileage. 


40. 


42. 


“Everybody Loves Raymond.” The popular television 
comedy series “Everybody Loves Raymond” had 208 
scripted episodes and 2 additional episodes consist- 
ing of clips from previous shows. A local television 
station plans to air the 208 scripted episodes, showing 
5 episodes per week. How many full weeks will pass 
before it must begin re-airing episodes? How many 
unaired episodes will be shown the following week 
before the previously aired episodes are rerun? 


The 2008 Volkswagen Jetta 

(5 cylinder) gets 21 miles to the gallon (mpg) in city 
driving. How many gallons will it use in 3465 mi of city 
driving? 

Source: Volkswagen of America, Inc. 


Mailing Labels. A box of mailing labels contains 
750 labels on 25 sheets. How many labels are on each 
sheet? 


College Court. The standard basketball court used by 
college players has dimensions of 50 ft by 94 ft. 


a) What is its area? 

b) What is its perimeter? 

c) How much greater is the area of a college court than 
a high school court? (See Exercise 41.) 
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43. Loan Payments. 
The loan is to be paid off in 24 equal monthly payments. 


45. Map Drawing. Amap has ascale of 215 mito the inch. 


47. 


49. 


51. 


Dana borrows $5928 for a used car. 


How much is each payment (excluding interest)? 


How far apart in reality are two cities that are 3 in. apart 
on the map? How far apart on the map are two cities 
that, in reality, are 1075 mi apart? 


0 215 
| 


/ iles per inch 


Copies of this book are usually shipped from the 
warehouse in cartons containing 24 books each. How 
many cartons are needed to ship 1344 books? 


Elena buys 5 video games at $64 each and pays for them 
with $10 bills. How many $10 bills does it take? 


The balance in Meg’s bank account is $568. She uses her 
debit card for purchases of $46, $87, and $129. Then she 
deposits $94 in the account after returning a book. How 
much is left in her account? 


44, 


46. 


48. 


50. 


52. 


Home Improvement Loan. The Van Reken family 
borrows $7824 to build a sunroom on the back of their 
home. The loan is to be paid off in equal monthly pay- 
ments of $163 (excluding interest). How many months 
will it take to pay off the loan? 


Map Drawing. Amap has a scale of 288 mi to the inch. 
How far apart on the map are two cities that, in reality, 
are 2016 mi apart? How far apart in reality are two cities 
that are 8 in. apart on the map? 


The H. J. Heinz Company ships 16-oz bottles of ketchup 
in cartons containing 12 bottles each. How many 
cartons are needed to ship 528 bottles of ketchup? 


Pedro buys 5 video games at $64 each and pays for them 
with $20 bills. How many $20 bills does it take? 


The balance in Dylan’s bank account is $749. He uses his 
debit card for purchases of $34 and $65. Then he makes 
a deposit of $123 from his paycheck. What is the new 
balance? 


1.5 Applications and Problem Solving 65 


Refer to the information in Example 8 to do Exercises 53-56. 


53. For how long must you do aerobic exercises in order to 
lose one pound? 


55. For how long must you play golf in order to lose one 
pound? 


57. Seating Configuration. The seats in the Boeing 
737-500 airplanes in United Airlines’ North American fleet 
are configured with 2 rows of 4 seats across in first class 
and 16 rows of 6 seats across in economy class. Determine 
the total seating capacity of the plane. 

Source: United Airlines 


First class: 
Economy class: 2 rows of 
16 rows of 6 seats 4 seats 
XS 


non 
=] 


59. Bones in the Hands and Feet. There are 27 bones in 
each human hand and 26 bones in each human foot. 
How many bones are there in all in the hands and 
feet? 


Skill Maintenance 


Round 234,562 to the nearest: [1.3d] 


61. Hundred. 62. Ten. 


54. For how long must you bicycle at 9 mph in order to lose 
one pound? 


56. For how long must you play tennis singles in order to 


lose one pound? 


. 


58. Seating Configuration. The seats in the Airbus 320 air- 
planes in United Airlines’ North American fleet are con- 
figured with 3 rows of 4 seats across in first class and 
21 rows of 6 seats across in economy class. Determine 
the total seating capacity of the plane. 

Source: United Airlines 


First class: 


Economy class: 3 rows of 
21 rows of 6 seats 4 seats 
@ S* aS 


60. An office for adjunct instructors at a community college 
has 6 bookshelves, each of which is 3 ft wide. The office is 
moved to a new location that has dimensions of 16 ft by 
21 ft. Is it possible for the bookshelves to be put side by 
side on the 16-ft wall? 


63. Thousand. 


Estimate each sum or difference by rounding to the nearest thousand. [1.3e] 


64. 2783 + 4602 + 5797 + 8111 
66. 5800 — 2100 


Estimate each product by rounding to the nearest hundred. 


68. 787 - 363 69. 887 - 799 
Synthesis 


71. & Speed of Light. Light travels about 186,000 miles per 
second (mi/sec) in a vacuum such as in outer space. In 
ice it travels about 142,000 mi/sec, and in glass it travels 
about 109,000 mi/sec. In 18 sec, how many more miles 
will light travel in a vacuum than in ice? than in 
glass? 
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65. 28,430 — 11,977 
67. 2100 + 5800 


70. 10,362 - 4531 


72. Carney Community College has 1200 students. Each 
instructor teaches 4 classes and each student takes 
5 classes. There are 30 students and 1 instructor in each 
classroom. How many instructors are there at Carney 
Community College? 
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(a) Writing Exponential Notation 


Consider the product 3 - 3-3-3. Such products occur often enough that 
mathematicians have found it convenient to create a shorter notation, called 


exponential notation, for them. For example, 


3-3-3-3 isshortenedto 34 <— €xponent 


[ 


We read exponential notation as follows. 


NOTATION WORD DESCRIPTION 


“three to the fourth power,” or 
“the fourth power of three” 


4 factors nase 


“five-cubed,” or 

“the cube of five,” or 

“five to the third power,” or 
“the third power of five” 


“seven squared,” or 

“the square of seven,” or 
“seven to the second power,” or 
“the second power of seven” 


The wording “seven squared” for 7? is derived from the fact that a square with 


side s has area A given by A = s?. 


An expression like 3 - 57 is read “three times five squared,” or 


the square of five.” 


| EXAMPLE 1 Write exponential notation for 10 - 10 - 10- 10- 10. 


5 is the exponent. 
Exponential notation is 10°. , 


“three times 


Write exponential notation. 


5 82 8 oH 0) 3G 


10 is the base. ) 
85 IOs 10) 
|! EXAMPLE 2. Write exponential notation for 2 - 2 - 2. 4.10-10-10-10 
Exponential notation is 23. ) 
| Do Exercises 1-4. Answers 


1.54 2.58 3.10% 4. 104 
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Evaluate. 
5. 104 6. 102 
7. 88 8. 2° 


Calculator Corner 


Exponential Notation 
Many calculators have a|¥*|or|* |key for 
raising a base to a power. To find 16°, for 
example, we press 6 IYI, 3 |L= 


or [7 ][e][-] [3] [=]. The result is 4096. 


Exercises: Use a calculator to find 
each of the following. 


1. 3° 
2. 58 
3. 124 
4, 211 


= 


Answers 


5. 10,000 6.100 7.512 8. 32 
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| 


j 


l 


(b) Evaluating Exponential Notation 


We evaluate exponential notation by rewriting it as a product and then com- 
puting the product. 


EXAMPLE 3 Evaluate: 10°. Caution! 


102 = 10: 10- 10 = 1000 10° does not mean 10 - 3. 


EXAMPLE 4 Evaluate: 5+. 
54=5-5-5-5 = 625 b 


Do Exercises 5-8. 


‘c) Simplifying Expressions 
Suppose we have a calculation like the following: 


3+4:-8. 


How do we find the answer? Do we add 3 to 4 and then multiply by 8, or do we 
multiply 4 by 8 and then add 3? In the first case, the answer is 56. In the sec- 
ond, the answer is 35. We agree to compute as in the second case: 


3+4-8=3 +4 32 = 35. 
Now consider the calculation 
7-14 —- (12 + 18). 
What do the parentheses mean? To deal with these questions, we must make 


some agreement regarding the order in which we perform operations. The 
rules are as follows. 


RULES FOR ORDER OF OPERATIONS 


1. Do all calculations within parentheses ( ), brackets [ ], or braces 
{ } before operations outside. 


2. Evaluate all exponential expressions. 
3. Do all multiplications and divisions in order from left to right. 
4. Do all additions and subtractions in order from left to right. 


It is worth noting that these are the rules that computers and most scientific 
calculators use to do computations. 


EXAMPLE 5 Simplify: 16 + 8- 2. 
There are no parentheses or exponents, so we begin with the third step. 


ne) 
=4 


Doing all multiplications and 
divisions in order from left to right 


| EXAMPLE 6 Simplify: 7 - 14 — (12 + 18). 


7-14— (12 + 18) =7- 14-30 Carrying out operations Simplify. 
inside parentheses ; 

A, Peers GC) OB = Ibo §} 
= 98 — 30 Doing all multiplications 


and divisions 10.104 +4+4 


= 68 Doing all additions 
and subtractions iil, 25° AS = (HB ar 110) 
Do Exercises 9-12. Ie, 705) & oe (BS — 14) 
' EXAMPLE 7 Simplify and compare: 23 — (10 — 9) and (23 — 10) — 9. 
We have 
23 — (10 — 9) = 23 — 1 = 22; 

(23-10) -9=13-9=4. Simplify and compare. 

13. 64 + (32 +2) and 


We can see that 23 — (10 — 9) and (23 — 10) — 9 represent different num- 


(64 + 32) +2 
bers. Thus subtraction is not associative. ) 


14. (28 + 13) + 11 and 
(Do Exercises 13 and 14. AB te (133 4e U1) 
| EXAMPLE 8 Simplify: 7-2 — (12 + 0) +3 - (5-2). 


7-2-(12 +0) +3- (5-2) 


= 22:12 33 Carrying out operations 
inside parentheses 


=14-4-3 Doing all multiplications and 
divisions in order from left to right 
=10-3 Doing all additions and 
aa subtractions in order from 
left to right j 
15. Simplify: 
Do Exercise 15. QO 4A = (0 + 4) = 8 = (= 2), 
' EXAMPLE 9 Simplify: 15 + 3-2 + (10 — 8). 
15+ 3-2 (10 - 8) 
=15+3-2+2 Carrying out operations Simplify. 
inside parentheses Gaon ee ee? Geral 
a Doing all multiplications abr ao 3) 
= 79 = 3 ae 
A seabosier ad 17.30 +5-2+10-20+8-8 
=5 rom left to rig! ) 93 
Do Exercises 16-18. 1}, 5 = Be Do Poly = (24 = dl) 
Answers 


9.51 10.30 11.584 12.84 13. 4;1 
14. 52;52 15.29 16. 1880 = 17. 253 
18. 93 
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) EXAMPLE 10 Simplify: 42 + (10-9 + 1)?-3-5. 
47+ (10-9+1)3-3-5 


=4%+(1+1)3-3-5 Subtracting inside parentheses 

= 4% +23-3-5 Adding inside parentheses 

=16+8-:3-5 Evaluating exponential expressions 
Simplify. =2:3-5 Doing all multiplications and 
19S 26> 7 (16) 255 3) =6=5 divisions in order from left to right 


20. (1 + 3)3 + 10- 20 + 82 — 23 =i Subtracting 
21. 81 — 3%-2 + (12 — 9) Do Exercises 19-21. 


) EXAMPLE 11 Simplify: 29 = 26 - 23. 


29 + 26.23 = 512 +64-8 There are no parentheses. Evaluating 
exponential expressions 


=8-8 Doing all multiplications and 
= 64 divisions in order from left to right 


22. Simplify: 23 - 28 + 29, Do Exercise 22. | 


i Calculator Corner 


Order of Operations To determine whether a calculator is 
programmed to follow the rules for order of operations, we can enter a simple calcula- 
tion that requires using those rules. For example, we enter | 3 | + | 4X] 2] =]. 
If the result is 11, we know that the rules for order of operations have been followed. 
That is, the multiplication 4 x 2 = 8 was performed first and then 3 was added to 
produce a result of 11. If the result is 14, we know that the calculator performs opera- 
tions as they are entered rather than following the rules for order of operations. That 
means, in this case, that 3 and 4 were added first to get 7 and then that sum was mul- 
tiplied by 2 to produce the result of 14. For such calculators, we would have to enter 
the operations in the order in which we want them performed. In this case, we would 
press | 4 [x Ee +113 [=]. 

Many calculators have parenthesis keys that can be used to enter an expression 
containing parentheses. To enter 5(4 + 3), for example, we press | 5 |} ( || 4 | [+ 
[3][)] [=]. The result is 35. 


Exercises: Simplify. 


1.84-5-7 2. 80 + 50 + 10 
3. 32 +97 +3 4, 44+64-4 
5. 15-7 — (23 + 9) 6. (4 + 3)? 

XX PA 


Answers 
19. 1880 20.305 21.75 22.4 
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Averages 


In order to find the average of a set of numbers, we use addition and then 
division. For example, the average of 2, 3, 6, and 9 is found as follows. 


The number of addends is 4. 


2+3+6+9 20 
Average = mn =a 8 


A 


Divide by 4. 
The fraction bar acts as a pair of grouping symbols so 


2+34+6+9 


A isequivalentto (2+3+6+9)+4. 


Thus we are using order of operations when we compute an average. 


The average of a set of numbers is the sum of the numbers divided by 
the number of addends. 


EXAMPLE 12 Average Height of Waterfalls. The heights of the four high- 
est waterfalls in the world are shown in the figure below. Determine the aver- 
age height of the four falls. 


World’s Highest Waterfalls 


Height (in feet) 


SOURCE: World Almanac 


The average is given by 


3212 + 2425 + 2149 + 2014 9800 
4 ~ 4 


= 2450. 


The average height of the world’s four highest waterfalls is 2450 ft. ) 


Do Exercise 23. 


(d) Removing Parentheses within Parentheses 


When parentheses occur within parentheses, we can make them different 
shapes, such as [ ] (also called “brackets”) and { } (also called “braces”). All 
of these have the same meaning. When parentheses occur within parenthe- 
ses, computations in the innermost ones are to be done first. 


23. Average Number of Career 
Hits. The numbers of career 
hits of five Hall of Fame 
baseball players are given in 
the bar graph below. Find the 
average number of career hits 
of all five. 


Career Hits 


SOURCES: Associated Press; Major League Baseball 


Answer 
23. 3118 hits 
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{| EXAMPLE 13 Simplify: [25 — (4 + 3) -3] + (11 - 7). 
[25 = (44 3)* 3) = (1 =7) 


= [25 —- 7-3] + (11-7) Doing the calculations in the 
innermost parentheses first 


= [25 — 21] + (11 —- 7) Doing the multiplication in the 
brackets 

=4+4 Subtracting 

=1 Dividing i 


| EXAMPLE 14 Simplify: 16 + 2 + {40 — [13 — (4+ 2)]}. 


16 + 2 + {40 — [13 — (4 + 2)]} 
= 16+2+ {40 — [13 — 6]} Doing the calculations in the 
innermost parentheses first 


=16+2+ {40-7} Again, doing the calculations in 
the innermost brackets 
=16+2+ 33 Subtracting inside the braces 
meee = 8+ 33 Doing all multiplications and 
Simplify. divisions in order from left to right 
24.9 5+ {6+ [14 DiGi 
{6 + [14 — (5 + 3)]} ffi Adding i 


Oey Os | 


= (Sil = 0 & 2) Do Exercises 24 and 25. | 


STUDY TIPS 


PREPARING FOR AND TAKING TESTS 


You are probably ready to begin preparing for your first test. Here are 
some test-taking study tips. 


e Make up your own test questions as you study. After you have done 
your homework over a particular objective, write one or two questions 
on your own that you think might be on a test. You will be amazed at 
the insight this will provide. 


¢ Doan overall review of the chapter, focusing on the objectives and the 
examples. This should be accompanied by a study of any class notes 
you may have taken. 


e Do the exercises in the mid-chapter review and in the end-of-chapter 
review. Check your answers at the back of the book. If you have 
trouble with an exercise, use the objective symbol as a guide to go back 
and do further study of that objective. 


¢ Take the chapter test at the end of the chapter. Check the answers and 
use the objective symbols at the back of the book as a reference for 
review. 


e When taking a test, read each question carefully. Try to do all the 
questions the first time through, but pace yourself. Answer all the 
questions, and mark those to recheck if you have time at the end. Very 
often, your first hunch will be correct. 


e Write your test in a neat and orderly manner. Doing so will allow you to 
check your work easily and will also help your instructor follow the 
steps you took in answering the test questions. 

Answers 
24.46 25. 4 
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Exercise Set 


(a) Write exponential notation. 


1 


5 


oo #34393 


ie aca cae! Pace Aca 4 


(b) Evaluate. 


9 


13 


72 


. 124 


(c) Simplify. 


17 


20 


23 


26 


29 


32 


.12+(6 +4) 


. (52 — 40) — 8 


. (256 + 64) + 4 


. 22 4 52 


- 16-24 + 50 


~10-7-4 


For Extra Help 
MyMathLab| "2. ie 


PRACTICE WATCH DOWNLOAD 


READ REVIEW 


2. 22 252+9%2 3.5-5 4. 13-13-13 
6.9-9 7. 10-10-10 8 1-1-1-1 
10. 5° 11. 98 12. 82 
14. 10° 15. 3° 16. 26 

18. (12 + 6) + 18 19. 52 — (40 — 8) 

21. 1000 + (100 = 10) 22. (1000 + 100) + 10 

24, 256 = (64 + 4) 25. (2 + 5)* 

27. (11 — 8)? — (18 — 16) 28. (32 — 27)3 + (19 + 1)8 

30. 23 + 18- 20 31.83 -—7-6 

33. 10-10 -3-4 34.90-5-5-2 
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35. 


38. 


41. 


44, 


47. 


50. 


53. 


55. 


57. 


Peg>4 


1000 + 25 — (15 + 5) 


300 + 5 + 10 


7-(10 — 3)? —2-(3 + 1)? 


103 — 10-6 - (4+ 5-6) 


ee es 


Find the average of $64, $97, and $121. 


36. 


39. 


42. 


45. 


48. 


51. 


54. 


Find the average of 320, 128, 276, and 880. 


> simplify. 
59. 8 X 13 + {42 + [18 — (6 + 5)]} 
61, [14 = (3-45) + 2] — [18 = (= 2)] 
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8-8-2 


6-10-— 4-10 


144+4-2 


4? + 7 + 2? 


7? + 20-4 — (28+ 9-2) 


120 — 33-4 + (5-6-6-4) 


37 


40 


43 


46. 


49. 


52 


. 17-20 — (17 + 20) 


-3°8+5-8 


.3:(2+8)?-5- (4-3) 


62 — 34 + 33 


. 80 — 24-15 + (7-5 - 45 + 3) 


56. Find the average of four test grades of 86, 92, 80, 


and 78. 


58. Find the average of $1025, $775, $2062, $942, and 


$3721. 


60. 72 + 6 — {2 x [9 - (4 x 2)]} 


62. [92 x (6 — 4) + 8] + [7 x (8 — 3)] 
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63. (82 — 14) x [(10 + 45 + 5) - (6-6 —5-5)] 64, (18 = 2) (9 +9 = 1) 9) | [5 o$ 17 +9 = 2D 


65. 4 x {(200 — 50 + 5) — [(35 = 7) - (35 + 7) — 4 x 3] 66. 15(23 — 4- 2)3 + (3-25) 


67.118 = 2+ 4] = [0 = 7 = 8) a = KS [GS 7) 


68. (19 — 24)5 — (141 + 47)? 


Skill Maintenance 


Solve. [1.4b] 

69. x + 341 = 793 70. 4197 + x = 5032 71.7-x=91 

72. 1554 = 42-y 73. 3240 = y + 898 74. 6000 = 1102 + t 
75. 25° t = 625 76. 10,000 = 100: ft 


Solve. [1.5a] 


77. Colorado. The state of Colorado is roughly the shape 78. On a long four-day trip, a family bought the following 
of a rectangle that is 273 mi by 382 mi. What is its amounts of gasoline for their motor home: 
area? 


23 gallons, 24 gallons, 
26 gallons, 25 gallons. 


How much gasoline did they buy in all? 
Synthesis 


Each of the answers in Exercises 79-81 is incorrect. First find the correct answer. Then place as many parentheses as needed in 
the expression in order to make the incorrect answer correct. 


79.1+5:4+3 = 36 80.12 +4+2-3-2=2 


81.12+4+2-3-2=4 


82. Use one occurrence each of 1, 2, 3, 4, 5, 6, 7, 8, and 9 and any of the symbols +, —, -, +, and( ) to represent 100. 
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In this chapter, we begin our work with fractions and fraction notation. 
Certain skills make such work easier. For example, in order to simplify é it is 
important that we be able to factor 12 and 32, as follows: 

12 4:3 

32 4-8 
Then we “remove” a factor of 1: 

4-3 43 .3 38 


4-8 4 8 “8 8 


Thus factoring is an important skill in working with fractions. 


(a) Factors and Factorization 


In Sections 1.7 and 1.8, we consider only the natural numbers 1, 2, 3, and so on. 

Let’s look at the product 3 - 4 = 12. We say that 3 and 4 are factors of 12. 
When we divide 12 by 3, we get a remainder of 0. We say that the divisor 3 is a 
factor of the dividend 12. 


SKILL TO REVIEW 
Objective 1.3c: Divide whole 
numbers. 


Divide. 
1. 329 + 8 


2.23)1081 


FACTOR 


e Inthe product a- b, aand bare called factors. 


¢ Ifwe divide Q by d and get a remainder of 0, then the divisor d is 
a factor of the dividend Q. 


| EXAMPLE 1 Determine by long division (a) whether 6 is a factor of 198 and 
(b) whether 15 is a factor of 198. 


33 13 
a) 6)198 b) 15)198 
18 15 
18 48 
18 45 
0 <— Remainder is 0. ~3<Not0 
The remainder is 0, The remainder is not 0, 
so 6 is a factor of 198. so 15 is not a factor of 198. 
Determine whether the second ) 


number is a factor of the first. 
Pes) 2. 2384; 28 _Do Margin Exercises 1 and 2. } 


Consider 12 = 3 - 4. We say that 3 - 4 is a factorization of 12. Similarly, 
6-2,12-1,2-2-3,and1-3- 4arealso factorizations of 12. Sincea = a: 1, 
every number has a factorization, and every number has factors. For some 
numbers, the factors consist of only the number itself and 1. For example, the 


Answers only factorization of 17 is 17 - 1, so the only factors of 17 are 17 and 1. 
Skill to Review: 
1.41R1 2.47 


Margin Exercises: 
1. Yes 2. No 


76 CHAPTER 1 Whole Numbers 


EXAMPLE 2 Find all the factors of 70. 


We find as many “two-factor” factorizations as we can. We check sequen- 
tially the numbers 1, 2, 3, and so on, to see if we can form any factorizations: 


70 
1-70 
2-35 Note that all of the factors of 
a natural number are less 
5:14 than or equal to the number. 
7:10. 


Note that 3, 4, and 6 are not factors. If there are additional factors, they must 
be between 7 and 10. Since 8 and 9 are not factors, we are finished. The fac- 
tors of 70 are 1, 2, 5, 7, 10, 14, 35, and 70. 


Do Exercises 3-6. 


‘b) Multiples and Divisibility 


A multiple of a natural number is a product of that number and some natural 
number. For example, some multiples of 2 are 


2 (because 2 = 1- 2); 
4 (because4 = 2- 2); Note that all but one of the 
multiples of a number are 

6 (because 6 = 3 - 2); larger than the number. 


8 (because 8 = 4: 2). 


We find multiples of 2 by counting by twos: 2, 4, 6, 8, and so on. We can find 
multiples of 3 by counting by threes: 3, 6, 9, 12, and so on. 


EXAMPLE 3. Show that each of the numbers 8, 12, 20, and 36 is a multi- 
ple of 4. 


Do Exercises 7 and 8. 


EXAMPLE 4 Multiply by 1, 2, 3, and so on, to find ten multiples of 7. 
1-7=7 3-7=21 5°7=35 7:7=49 9-7 = 63 
2:-7=14 4:7=28 6:7=42 8-7=56 10-7 = 70 


Do Exercise 9. 


DIVISIBILITY 


The number a is divisible by another number b if there exists a 
number c such that a = b- c. The statements “a is divisible by b,” “a is 
a multiple of b,” and “bis a factor of a” all have the same meaning. 


Thus, 27 is divisible by 3 because 27 = 3 - 9. We can also say that 27 is a 
multiple of 3, and 3 is a factor of 27. 


Find all the factors of each number. 
3. 10 4. 45 


5. 62 6. 24 


7. Show that each of the numbers 
5, 45, and 100 is a multiple of 5. 


8. Show that each of the numbers 
10, 60, and 110 is a multiple 
of 10. 


9. Multiply by 1, 2, 3, and so on, to 
find ten multiples of 5. 


Answers 


3.1,2,5,10 4. 1,3,5,9, 15, 45 

5. 1,2,31,62 6. 1, 2,3, 4, 6, 8, 12, 24 
7, 5 = 1+5;45 = 9+5;100 = 20-5 

8. 10 = 1- 10;60 = 6- 10;110 = 11-10 
9. 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 


1.7  Factorizations 77 


10. Determine whether 16 is 


divisible by 2. 


11. Determine whether 125 is 


divisible by 5. 


12. Determine whether 125 is 


divisible by 6. 


Calculator Corner 


Divisibility and 
Factors Wecanusea calculator to 
determine whether one number is divisi- 
ble by another number or whether one 
number is a factor of another number. 
For example, to determine whether 387 is 
divisible by 9, we press| 3 8 | 7]/= 
9|[=].Thedisplayis[ 43 |. 
Since 43 is a natural number, we know 
that 387 is a multiple of 9; that is, 

387 = 43 - 9. Thus, 387 is divisible by 9, 
and 9 is a factor of 387. 


Exercises: For each pair of numbers, 
determine whether the second number is 
a factor of the first number. 


1. 502; 8 
2. 651; 21 
3. 3875; 25 
4. 1047; 14 


13. Tell whether each number is 


prime, composite, or neither. 
Vy 225 Gy 2%, IS}, IGS), AL, (615), 733, SIS) 


EXAMPLE 5 _ Determine (a) whether 45 is divisible by 9 and (b) whether 45 


is divisible by 4. 


a) We divide 45 by 9 to 
determine whether 9 is a 
factor of 45. 


5 
9)45 


45 


~0 < Remainder is 0. 


Because the remainder is 0, 
45 is divisible by 9. 


Do Exercises 10-12. 


b) We divide 45 by 4 to 
determine whether 4 is a 
factor of 45. 


ll 
4)45 


i 


1 < Noto 


Since the remainder is not 0, 
45 is not divisible by 4. 


c) Prime and Composite Numbers 


PRIME AND COMPOSITE NUMBERS 


¢ Anatural number that has exactly two different factors, only itself 


and 1, is called a prime number. 


¢ The number 1 is not prime. 


¢ Anatural number, other than 1, that is not prime is composite. 


EXAMPLE 6 _ Determine whether the numbers 1, 2, 7, 8, 9, 11, 18, 27, 39, 
43, 56, 59, and 77 are prime, composite, or neither. 


The number 1 is not prime. It does not have two different factors. 


The number 2 is prime. It has only the factors 2 and 1. 


The numbers 7, 11, 43, and 59 are prime. Each has only two factors, itself 


and 1. 


The number 8 is not prime. It has the factors 1, 2, 4, and 8 and is composite. 


The numbers 9, 18, 27, 39, 56, and 77 are composite. Each has more than 


two factors. 


Thus we have 


Prime: 2, 1; 11,43, 59; 
Composite: 8, 9, 18, 27, 39, 56, 77; 


Neither: ie 


The number 2 is the only even prime number. It is also the smallest prime 
number. The number 0 is neither prime nor composite, but 0 is not a natural 
number and thus is not considered here. We are considering only natural 


numbers. 


Do Exercise 13. 


Answers 


10. Yes 11. Yes 12. No 13. 2, 13,19, 
Al, 73 are prime; 6, 12, 65, 99 are composite; 
1 is neither. 
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The table at right lists the prime numbers from 2 to 97. There are more 


extensive tables, but these prime numbers will be the most helpful to you in A TABLE OF PRIME 

this text. NUMBERS FROM 2 TO 97 
- 2, 3, 5; 7, II, 13, 17;. 19; 23; 29; 

d) Prime Factorizations Ty Bly 88) Sty 9G; 09) El, 


67, 71, 73, 79, 83, 89, 97 


When we factor a composite number into a product of primes, we find the 
prime factorization of the number. To do this, we consider the primes 


2, 3,5, 7, 11, 13, 17, 19, 23, and so on, 


and determine whether a given number is divisible by the primes. 


EXAMPLE 7 Find the prime factorization of 39. 


a) We divide by the first prime, 2. 
19 
2)39 
2 
19 
18 
] 


Because the remainder is not 0, 2 is not a factor of 39, and 39 is not divisi- 
ble by 2. 


b) We divide by the next prime, 3. 
13 R=0 


3)39 


The remainder is 0, so we know that 39 = 3 - 13. Because 13 is a prime, we 
are finished. The prime factorization is 


39 = 3-13. 


EXAMPLE 8 Find the prime factorization of 220. 
a) We divide by the first prime, 2. 


110 R=0 
2)220 220 = 2-110 


b) Because 110 is composite, we continue to divide, starting with 2 again. 


55 R=0 
2)110 220 = 2+2-+55 


c) Since 55 is composite and is not divisible by 2 or 3, we divide by the next 
prime, 5. 


1l R=0 
5)55 SOG = 2-965 +11 


Because 11 is prime, we are finished. The prime factorization is 


220 = 222.25 Li. 


1.7 Factorizations 79 


Caution! 


Keep in mind the difference 
between finding all the factors 
of a number and finding the 
prime factorization. In Exam- 
ple 9, the prime factorization 
of 72is2-2-+2-3-3.The fac- 
tors of 72 are 1, 2, 3, 4, 6, 8, 9, 
12, 18, 24, 36, and 72. 


Find the prime factorization of each 
number. v 


14. 6 15. 12 

16. 45 17. 98 

18. 126 19. 144 

20. 1960 Zl925 
Answers 

14.2°3  15.2-2-3 16.3-3°5 
17.2°7:7 18.2:3-3°7 

19. 2-2-2-2-3-3 20.2-:2:2-5:7:-7 
21.5°5-7-11 
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We abbreviate our procedure as follows. 


in 

5)55 
2)110 
2)220 


220 =2-2-5-11 


Because multiplication is commutative, a factorization such as 2 - 2-5: 11 
could also be expressed as 5:2-2-11 or 2-5-11- 2 (or, in exponential 
notation, as 2*- 5-11 or 11 - 2% 5), but the prime factors are the same in 
each case. For this reason, we agree that any of these is “the” prime factoriza- 
tion of 220. 


Every number has just one (unique) prime factorization. 


EXAMPLE 9 Find the prime factorization of 72. 


e can do divisions “up” as follows: 
We do d “up” as foll 


3 <— Prime quotient 


3) 9 
2)18 
2)36 


2)72 <— Begin here 
(2 =22 289293 +3 


Another way to find the prime factorization of 72 uses a factor tree as 
follows. Begin by determining any factorization you can, and then continue 
factoring. 


72 72 72 
os A, Ps, 

2 36 8 69 4 18 
i Fs JN IN i #% 
2 2 18 243 3 222 9 
id #% rey ipa 2% 
2229 2229 3 22°23 2 
Pia #% 

7223 8 


EXAMPLE 10 Find the prime factorization of 189. 


We can use a string of successive divisions or a factor tree. Since 189 is not 
divisible by 2, we begin with 3. 


7 189 
3)21 / 
3 63 
3)63 iA 
3)189 3% YJ 
189 =3-3-3-7 LLY\ 


For Extra Help 


Exercise Set MyMathLab 


Mari, TG 


PRACTICE WATCH DOWNLOAD 


READ REVIEW 


(a) Determine whether the second number is a factor of the first. 


1. 52; 14 2. 52; 13 3. 625; 25 4. 680; 16 


Find all the factors of each number. 


5. 18 6. 16 7. 54 8. 48 
9. 4 10. 9 11.1 12. 13 
13. 98 14. 100 15. 255 16. 120 


(b) Multiply by 1, 2, 3, and so on, to find ten multiples of each number. 


17. 4 18. 11 19. 20 20. 50 
21.3 22.5 23. 12 24. 13 

25. 10 26. 6 27.9 28. 14 

29. Determine whether 26 is divisible by 6. 30. Determine whether 48 is divisible by 8. 
31. Determine whether 1880 is divisible by 8. 32. Determine whether 4227 is divisible by 3. 
33. Determine whether 256 is divisible by 16. 34. Determine whether 102 is divisible by 4. 
35. Determine whether 4227 is divisible by 9. 36. Determine whether 200 is divisible by 25. 
37. Determine whether 8650 is divisible by 16. 38. Determine whether 4143 is divisible by 7. 


(c) Determine whether each number is prime, composite, or neither. 


39. 1 40. 2 41.9 42. 19 


43. 11 44, 27 45. 29 46. 49 
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d Find the prime factorization of each number. 


47. 8 48. 16 49. 14 
52. 32 53. 25 54. 40 
57. 169 58. 140 59. 100 
62. 70 63. 72 64. 86 
67. 2884 68. 484 69. 51 
72. 1800 73. 273 74. 675 


Skill Maintenance 


Multiply. [1.3a] 

77. 2-13 78. 8 - 32 
Divide. [1.3c] 

81. 0 + 22 82. 22 + 1 
Solve. [1.5a] 


85. Morel Mushrooms. During the spring, Kate’s Country 
Market sold 43 pounds of fresh morel mushrooms. The 
mushrooms sold for $22 a pound. Find the total amount 
Kate took in from the sale of the mushrooms. 


Synthesis 


87. Factors and Sums. 


50. 15 51. 42 
55. 50 56. 62 
60. 110 61. 35 
65. 77 66. 99 
70. 91 71. 1200 
75. 1122 76. 6435 
79. 17-25 80. 25 - 168 
83. 22 + 22 84. 66 + 22 


86. Sandy can type 62 words per minute. How long will it 
take her to type 12,462 words? 


The top number in each column of the table below can be factored as a product of two numbers whose 


sum is the bottom number in the column. For example, in the first column, 56 has been factored as 7 - 8, and7 + 8 = 15, 


Fill in the blank spaces in the table. 


PRODUCT 56 63 36 72 


140 


96 168 110 


FACTOR iG 


FACTOR 8 


SUM 15 16 20 38 


24 


20 14 PM 24 
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Suppose you are asked to find the simplest fraction notation for 
7 
225° 


Since the numbers are quite large, you might feel that the task is difficult. 
However, both the numerator and the denominator are divisible by 9. If you 
knew this, you could factor and simplify quickly as follows: 


i? 91s _ 9 18. Is 18 
225. °9-25 9 25 25. 25 


How did we know that both numbers have 9 as a factor? There is a simple test 
for determining this. 

In this section, you learn quick ways to determine whether a number is 
divisible by 2, 3, 4, 5, 6, 8, 9, or 10. This will make simplifying fraction notation 
much easier. 


(a) Rules for Divisibility 
Divisibility by 2 
You may already know the test for divisibility by 2. 


A number is divisible by 2 (is even) if it has a ones digit of 0, 2, 4, 6, or 8 
(that is, it has an even ones digit). 


Let’s see why this test works. Consider 354, which is 
3 hundreds + 5 tens + 4. 
Hundreds and tens are both multiples of 2. If the last digit is a multiple of 2, 
then the entire number is a multiple of 2. 
| EXAMPLES Determine whether each number is divisible by 2. 


1. 355 is not divisible by 2; 5 is not even. 

2. 4786 is divisible by 2; 6 is even. 

3. 8990 is divisible by 2; 0 is even. 

4. 4261 is not divisible by 2; 1 is not even. ) 


{Do Margin Exercises 1-4. 


SKILL TO REVIEW 


Objective 1.2a: Add whole numbers. 


Add. 
1.9+8+2 
2.7 


Determine whether each number is 
divisible by 2. 
1. 84 2. 59 


3. 998 4, 2225 


Answers 


Skill to Review: 
1. 20 2. 18 


Margin Exercises: 
1. Yes 2. No 3. Yes 4. No 


1.8 Divisibility 83 


FORMING A STUDY GROUP 


Consider forming a study group 
with some of your fellow students. 
Exchange e-mail addresses, 
telephone numbers, and schedules 
so that you can coordinate study 
time for homework and tests. 


Determine whether each number is 


divisible by 3. 
fm Il 6. 1111 
7. 309 8. 17,216 


Determine whether each number is 


divisible by 6. 
9. 420 10. 106 
ik, Sail 12. 444 
Answers 
5. Yes 6. No 7. Yes 8. No 9. Yes 


10. No 11. No 12. Yes 
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Divisibility by 3 


A number is divisible by 3 if the sum of its digits is divisible by 3. 


Let’s illustrate why the test for divisibility by 3 works. Consider 852; since 
852 = 3 - 284, 852 is divisible by 3. 
852 = 8-100+5:10+2-1 
= 8(99 + 1) + 5(9 + 1) + 2(1) 
=8-99+8-14+5-9+5-1+2-1 


Using the distributive law: 
aib+c)=a:bt+a-c 


Since 99 and 9 are each a multiple of 3, we see that 8 - 99 and 5 - 9 are mullti- 
ples of 3. This leaves8-1+5-1+2-l,or8+5+42.1f8 + 5 + 2, thesum 
of the digits, is divisible by 3, then 852 is divisible by 3. 


EXAMPLES Determine whether each number is divisible by 3. 


5. 18 1+8=9 er 

6. 93 94+3=12 Each is divisible by3 because the sum 
of its digits is divisible by 3. 

7 201 2+0+1=3 

8 256 2+5+6= 13 The sum of the digits, 13, is not divisible 


by 3, so 256 is not divisible by 3. 


Do Exercises 5-8. 


Divisibility by 6 
A number divisible by 6 is a multiple of 6. But 6 = 2 - 3, so the number is also 
a multiple of 2 and 3. Thus we have the following. 


A number is divisible by 6 if its ones digit is 0, 2, 4, 6, or 8 (is even) and 
the sum of its digits is divisible by 3. 


EXAMPLES Determine whether each number is divisible by 6. 


9. 720 


Because 720 is even, it is divisible by 2. Also, 7 + 2 + 0 = 9, so 720 is 
divisible by 3. Thus, 720 is divisible by 6. 


720 7+2+0=9 
Even Divisible by 3 


10. 73 
73 is not divisible by 6 because it is not even. 


11. 256 


Although 256 is even, it is not divisible by 6 because the sum of its digits, 
2+ 5 + 6, or 13, is not divisible by 3. 


Do Exercises 9-12. 


Divisibility by 9 
The test for divisibility by 9 is similar to the test for divisibility by 3. 


A number is divisible by 9 if the sum of its digits is divisible by 9. 


EXAMPLES Determine whether each number is divisible by 9. 


12. 6984 
Because 6 + 9 + 8 + 4 = 27 and 27 is divisible by 9, 6984 is divisible by 9. 

1a. 322 Determine whether each number is 
Because 3 + 2 + 2 = 7 and7 is not divisible by 9, 322 is not divisible by 9. divisible by 9. 


13. 16 14. 117 


Do Exercises 13-16. 15. 930 16. 29,223 


Divisibility by 10 


BY 10 


A number is divisible by 10 if its ones digit is 0. 


We know that this test works because the product of 10 and any number 
has a ones digit of 0. 


EXAMPLES Determine whether each number is divisible by 10. 
Determine whether each number is 
14. 3440 is divisible by 10 because the ones digit is 0. divisible by 10. 


15. 3447 is not divisible by 10 because the ones digit is not 0. 17. 305 18. 847 


Do Exercises 17-20. 19. 300 20. 8760 
Divisibility by 5 


A number is divisible by 5 if its ones digit is 0 or 5. 


EXAMPLES Determine whether each number is divisible by 5. 


16. 220 is divisible by 5 because the ones digit is 0. Metennine wheihercachenumbenis 


17. 475 is divisible by 5 because the ones digit is 5. divisible by 5. 
18. 6514 is not divisible by 5 because the ones digit is neither 0 nor 5. 21. 5780 22. 3427 
23. 34,678 24. 7775 


Do Exercises 21-24. 


Let’s see why the test for 5 works. Consider 7830: 


Answers 
7830 = 10-783 = 5-2. 783. 13. No 14. Yes 15. No 16. Yes 
17. No 18. No 19. Yes 20. Yes 
Since 7830 is divisible by 10 and 5 is a factor of 10, 7830 is divisible by 5. 21. Yes 22.No 23. No 24. Yes 
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Consider 6734: 
6734 = 673 tens + 4. 


Tens are multiples of 5, so the only number that must be checked is the ones 
digit. If the last digit is a multiple of 5, then the entire number is. In this case, 
4 is nota multiple of 5, so 6734 is not divisible by 5. 

Divisibility by 4 

The test for divisibility by 4 is similar to the test for divisibility by 2. 


A number is divisible by 4 if the number named by its last two digits is 
divisible by 4. 


EXAMPLES Determine whether the number is divisible by 4. 


19. 8212 is divisible by 4 because 12 is divisible by 4. 
Fae ee er eee tre ae 20. 5216 _ is divisible by 4 because 16 is divisible by 4. 
divisible by 4. 21. 8211 is not divisible by 4 because 11 is not divisible by 4. 
25. 216 26. 217 22. 7538 is not divisible by 4 because 38 is not divisible by 4. 


27. 5862 28. 23,524 Do Exercises 25-28. 


To see why the test for divisibility by 4 works, consider 516: 
516 = 5hundreds + 16. 


Hundreds are multiples of 4. If the number named by the last two digits is a 
multiple of 4, then the entire number is a multiple of 4. 


Divisibility by 8 
The test for divisibility by 8 is an extension of the tests for divisibility by 
2 and 4. 


A number is divisible by 8 if the number named by its last three digits is 
divisible by 8. 


EXAMPLES Determine whether the number is divisible by 8. 


23. 5648 is divisible by 8 because 648 is divisible by 8. 
FA ti eae ee SM Bre PT 24. 96,088 is divisible by 8 because 88 is divisible by 8. 
divisible by 8. 25. 7324 _ is not divisible by 8 because 324 is not divisible by 8. 
29. 7564 30. 7864 26. 13,420 is not divisible by 8 because 420 is not divisible by 8. 


31. 17,560 SY, DS TNG) Do Exercises 29-32. 


A Note about Divisibility by 7 


Answers There are several tests for divisibility by 7, but all of them are more compli- 
25. Yes 26.No 27. No 28. Yes cated than simply dividing by 7. So if you want to test for divisibility by 7, 
29. No 30. Yes 31. Yes 32. No simply divide by 7, either by hand or using a calculator. 
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(a) To answer Exercises 1-8, consider the following numbers. 


46 300 85 256 
224 36 711 8064 
19 45,270 13,251 1867 
555 4444 254,765 21,568 
1. Which of the above are divisible by 22 2. Which of the above are divisible by 3? 
3. Which of the above are divisible by 4? 4. Which of the above are divisible by 5? 
5. Which of the above are divisible by 6? 6. Which of the above are divisible by 8? 
7. Which of the above are divisible by 9? 8. Which of the above are divisible by 10? 


To answer Exercises 9-16, consider the following numbers. 


56 200 75 35 

324 42 812 402 

784 501 2345 111,111 

55,555 3009 2001 1005 
9. Which of the above are divisible by 3? 10. Which of the above are divisible by 2? 
11. Which of the above are divisible by 5? 12. Which of the above are divisible by 4? 
13. Which of the above are divisible by 8? 14. Which of the above are divisible by 6? 
15. Which of the above are divisible by 10? 16. Which of the above are divisible by 9? 
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To answer Exercises 17-24, consider the following numbers. 


305 313,332 876 64,000 
1101 7624 1110 9990 
13,205 111,126 5128 126,111 


17. Which of the above are divisible by 2? 


19. Which of the above are divisible by 6? 


21. Which of the above are divisible by 9? 


23. Which of the above are divisible by 10? 


Skill Maintenance 


Solve. [1.4b] 


25. 56 + x = 194 26. y + 124 = 263 


28. 18 - t = 1008 29. 24-m = 624 
Divide. [1.3c] 

31. 2106 + 9 

Solve. [1.5a] 


33. Marty’s automobile has a 5-speed transmission and gets 
33 mpg in city driving. How many gallons of gas will it 
use to travel 1485 mi of city driving? 


Synthesis 


18. Which of the above are divisible by 3? 


20. Which of the above are divisible by 5? 


22. Which of the above are divisible by 8? 


24. Which of the above are divisible by 4? 


27. 3008 = x + 2134 
30. 338 = a- 26 


32.45 )180,135 


34. There are 60 min in 1 hr. How many minutes are there in 
72 hr? 


Find the prime factorization of each number. Use divisibility tests where applicable. 


35. 7800 36. 2520 


39. Fill in the missing digits of the number 


95, C18 


so that it is divisible by 99. 
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37. 2772 38. 1998 


40. A passenger in a taxicab asks for the driver’s company 
number. The driver says abruptly, “Sure—you can have 
my number. Work it out: If you divide it by 2, 3, 4, 5, or 6, 
you will get a remainder of 1. If you divide it by 11, the 
remainder will be 0 and no driver has a company 
number that meets these requirements and is smaller 
than this one.” Determine the number. 


Copyright © 2012 Pearson Education, Inc. 


In Chapter 2, we will study addition and subtraction using fraction notation. 
Suppose we want to add : and . To do so, we rewrite the fractions with a 
common denominator. The number we choose for the common denomina- 
tor is the least common multiple of the denominators, 6; § + 5 = 2 + 3. Then 
we add the numerators and keep the common denominator. In order to do 
this, we must be able to find the least common denominator (LCD), or least 
common multiple (LCM), of the denominators. 


(a) Finding Least Common Multiples 


LEAST COMMON MULTIPLE, LCM 


The least common multiple, or LCM, of two natural numbers is the 
smallest number that is a multiple of both numbers. 


EXAMPLE 1 Find the LCM of 20 and 30. 
First, we list some multiples of 20 by multiplying 20 by 1, 2, 3, and so on: 


20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240,.... 
Then we list some multiples of 30 by multiplying 30 by 1, 2, 3, and so on: 
30, 60, 90, 120, 150, 180, 210, 240,.... 


Now we determine the smallest number common to both lists. The LCM of 
20 and 30 is 60. 


| Do Margin Exercise 1. 


Next, we develop three methods that are more efficient for finding LCMs. 
You may choose to learn only one method. (Consult with your instructor.) If 
you are going to study algebra, you should definitely learn method 2. 


Method 1: Finding LCMs Using One List of Multiples 


One method for finding LCMs uses one list of multiples. Let’s consider finding 
the LCM of 9 and 12. The larger number, 12, is not a multiple of 9, so we check 
multiples of 12 until we find a number that is also a multiple of 9: 

1-12 = 12, notamultiple of 9; 

2-12 = 24, notamultiple of 9; 

3-12 = 36, amultipleof9: 4-9 = 36. 


The LCM of 9 and 12 is 36. 


SKILL TO REVIEW 
Objective 1.7b: Find some multiples 
of a number. 


Multiply by 1, 2, 3, and so on, to find 
six multiples of each number. 


1.8 2. 25 


1. Find the LCM of 9 and 15 by 
examining lists of multiples. 


Answers 


Skill to Review: 

1. 8, 16, 24, 32, 40, 48 

2. 25, 50, 75, 100, 125, 150 
Margin Exercise: 

1. 45 
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Method 1. To find the LCM ofa set of numbers using a list of multiples: 


a) Determine whether the largest number is a multiple of the others. 
Ifit is, it is the LCM. That is, if the largest number has the others 
as factors, the LCM is that number. 


b) Ifnot, check multiples of the largest number until you get one that is 
a multiple of each of the others. 


. EXAMPLE 2. Find the LCM of 12 and 15. 


a) 15is nota multiple of 12. 
b) Check multiples of 15: 
1-15= 15, Not a multiple of 12. When we divide 
15 by 12, we get a nonzero remainder. 
2-15 = 30, Not a multiple of 12 
3-15 = 45, Not a multiple of 12 
4-15 = 60. A multiple of 12: 5 - 12 = 60 
The LCM = 60. j 


2. Find the LCM of 8 and 10 by 
examining lists of multiples. Do Exercise 2. J 


_ EXAMPLE 3 Find the LCM of8 and 32. 
a) 32 isa multiple of 8(4 - 8 = 32),so0 the LCM= 32. [ 


. EXAMPLE 4 Find the LCM of 10, 20, and 50. 


a) 50is a multiple of 10 but not a multiple of 20. 
b) Check multiples of 50: 


1-50 = 50, 


2-50 = 100. A multiple of 10 and of 20: 


Pind the eM 10 - 10 = 100 and 5 - 20 = 100 


3. 10, 15 4. 6, 8 The LCM = 100. I 
b} &; 10) 6. 20, 45, 80 Do Exercises 3-6. 


Method 2: Finding LCMs Using Prime Factorizations 


A second method for finding LCMs uses prime factorizations. Consider again 
20 and 30. Their prime factorizations are 20 = 2-2-5 and 30 = 2-3-5. 
Let’s look at these prime factorizations in order to find the LCM. Any multiple 
of 20 will have to have two 2’s as factors and one 5 as a factor. Any multiple of 
30 will need to have one 2, one 3, and one 5 as factors. The smallest number 
satisfying these conditions is 


) Two 2’s, one 5; makes 20 a factor 


v 
228 
A 


>< 


3 
i One 2, one 3, one 5; makes 30 a factor 


Answers 
2.40 3.30 4.24 5.10 6. 720 
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Thus the LCM of 20 and 30 is 2 - 2 - 3 - 5, or 60. It has all the factors of 20 and 
all the factors of 30, but the factors are not repeated when they are common 
to both numbers. 

Note that the greatest number of times that 2 occurs as a factor of either 
20 or 30 is two, and the LCM has 2 as a factor twice. The greatest number of 
times that 3 occurs as a factor of either 20 or 30 is one, and the LCM has 3 asa 
factor once. The greatest number of times that 5 occurs as a factor of either 20 
or 30 is one, and the LCM has 5 as a factor once. 


Method 2. To find the LCM of a set of numbers using prime 
factorizations: 


a) Find the prime factorization of each number. 


b) Create a product of factors, using each factor the greatest number of 
times that it occurs in any one factorization. 


EXAMPLE 5 Find the LCM of 6 and 8. 
a) Find the prime factorization of each number. 
6 = 2-3, 8=2-2:-2 


b) Create a product by writing factors that appear in the factorizations of 6 
and 8, using each the greatest number of times that it occurs in any one 
factorization. 


Consider the factor 2. The greatest number of times that 2 occurs in any one 
factorization is three. We write 2 as a factor three times. 


a ee aed 


Consider the factor 3. The greatest number of times that 3 occurs in any one 
factorization is one. We write 3 as a factor one time. 


2:2:2:3:-2 
Since there are no other prime factors in either factorization, the 


LCMis2-2:2-3,or24. 


EXAMPLE 6 Find the LCM of 24 and 36. 
a) Find the prime factorization of each number. 
24=2:-2:-2:-3, 36 =2:2-3:-3 


b) Create a product by writing factors, using each the greatest number of 
times that it occurs in any one factorization. 


Consider the factor 2. The greatest number of times that 2 occurs in any one 
factorization is three. We write 2 as a factor three times: 


ee awe ca 


Consider the factor 3. The greatest number of times that 3 occurs in any one 
factorization is two. We write 3 as a factor two times: 


22 25.2 2B age e 
Since there are no other prime factors in either factorization, the 


LCMis 2-2:-2-3>-3,or72. 


Do Exercises 7-9. 


TUNE OUT DISTRACTIONS 
Do you generally study in noisy 
places? If there is constant noise 
in your home, dorm, or other study 
area, consider finding a quiet place 
in the library—preferably a spot 
away from the main traffic areas 
so that distractions are kept to 
aminimum. 


Use prime factorizations to find 
each LCM. 


7. 8, 10 
8. 18, 40 


9. 32, 54 


Answers 
7.40 8.360 9. 864 


1.9 Least Common Multiples 91 


10. Find the LCM of 24, 35, and 45. 


Find the LCM. 
11. 4, 9 


IW, 1), 1) 0 


Find the LCM. 
Is}, 33, ts} 14, 12, 24 


Answers 


10. 2520) «11. 36~—-12. 210 13. 18 
14. 24 
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EXAMPLE 7 _ Find the LCM of 81, 90, and 84. 
a) Find the prime factorization of each number. 
81=3-3:-3-3, 90 =2:-3-3°-5, 84=2-2-3-7 


b) Create a product by writing factors, using each the greatest number of 
times that it occurs in any one factorization. 


Consider the factor 2. The greatest number of times that 2 occurs in any one 
factorization is two. We write 2 as a factor two times: 


Bee ang 


Consider the factor 3. The greatest number of times that 3 occurs in any one 
factorization is four. We write 3 as a factor four times: 


2 22 BB? Bee gus ¢ 


Consider the factor 5. The greatest number of times that 5 occurs in any one 
factorization is one. We write 5 as a factor one time: 


2ZOo22 3°32 343% pe ¢ 


Consider the factor 7. The greatest number of times that 7 occurs in any one 
factorization is one. We write 7 as a factor one time: 


228 ZA ZH SH Ze Tee 
Since there are no other prime factors in any of the factorizations, the 


LCMis 2-2-3-3-+3-+3:-5:7, or 11,340. 


Do Exercise 10. 


EXAMPLE 8 Find the LCM of 8 and 9. 
We find the prime factorization of each number. 


8=2-2-2, 9=3-3 


Note that the two numbers, 8 and 9, have no common prime factor. When this 
is the case, the LCM is just the product of the two numbers. Thus the LCM is 
2-2-2-3-3,or8- 9, or72. i 


Do Exercises 11 and 12. 


EXAMPLE 9 Find the LCM of7 and 21. 


We find the prime factorization of each number. Because 7 is prime, it 
has no prime factorization. 


7=7%7, 21=3:-7 


Note that 7 is a factor of 21. We stated earlier that if one number is a factor of 
another, the LCM is the larger of the numbers. Thus the LCM is 7 - 3, or 21. 


Do Exercises 13 and 14. 
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Exercise Set 


(a) Find the LCM of each set of numbers. 


1. 


11. 


16. 


21. 


26. 


31. 


36. 


41. 


46. 


2,4 


30, 40 


35, 45 


2, 3, 5 


8, 16, 22 


180, 100, 450, 60 


12, 72 


54, 63 


22, 42, 51 


2. 


12. 


17. 


22. 


27. 


32. 


37. 


42. 


47. 


3, 15 


- 18, 27 


21, 27 


16, 36 


35 Oe 


5, 12, 15 


18, 30, 50, 48 


56, 72 


39, 91, 108, 26 


13. 


18. 


23. 


28. 


33. 


38. 


43. 


48. 


For Extra Help 


MyMathLab 


- 10, 25 


18, 24 


18, 20 


5, 18, 3 


12, 18, 40 


8, 48 


13, 14 


81, 90 


625, 75, 500, 25 


24, 


34. 


39. 


44. 


49. 


PRACTICE 


- 10, 15 


- 30, 50 


. 12, 18 


. 32, 36 


6, 12, 18 


- 9, 12, 6 


16, 32 


12, 35 


75, 100 


2000, 3000 
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WATCH 


vari, (TG 


DOWNLOAD 


20. 


25. 


30. 


35. 


40. 


45. 


50. 


REVIEW. 


READ 


- 20, 40 


. 24, 36 


. 60, 70 


36, 48 


24, 36, 12 


8, 16, 12 


5, 50 


23, 25 


36, 54, 80 


300, 4000 
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Applications of LCMs: Planet Orbits. Jupiter, Saturn, and Uranus all revolve around the sun. Jupiter takes 12 yr, Saturn 30 yr, 
and Uranus 84 yr to make a complete revolution. On a certain night, you look at Jupiter, Saturn, and Uranus and wonder 
how many years it will take before they have the same position again. (Hint: To find out, you find the LCM of 12, 30, and 84. 


It will be that number of years.) 
Source: The Handy Science Answer Book 


51. How often will Jupiter and Saturn appear in the same 
direction in the night sky as seen from the earth? 


53. How often will Saturn and Uranus appear in the same 
direction in the night sky as seen from the earth? 


Skill Maintenance 


55. Tornadoes. The United States reports more tornadoes 
per year than any other country in the world. From 
January through May 2008, 1007 tornadoes were 
recorded. This was an increase of 348 tornadoes over 
the same time period in 2007. How many tornadoes 
occurred from January through May in 2007? [1.5a] 


Sources: NOAA's National Weather Service; www.tornadoarchive.com/ 
History.aspx 


57. Divide: 663 + 17. [1.3c] 
59. Multiply: 2118 x 3001. [1.3a] 


Synthesis 


61. A pencil company uses two sizes of boxes, 5 in. by 6 in. 
and 5 in. by 8 in. These boxes are packed in bigger 
cartons for shipping. Find the width and the length of 
the smallest carton that will accommodate boxes of 
either size without any room left over. (Each carton can 
contain only one type of box and all boxes must point in 
the same direction.) 
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52. How often will Jupiter and Uranus appear in the same 
direction in the night sky as seen from the earth? 


54. How often will Jupiter, Saturn, and Uranus appear in the 
same direction in the night sky as seen from the earth? 


56. Population of Africa. In 2007, the population of Africa 
was about 564,000,000 greater than the population 
of South America. The population of Africa was 
approximately 940,000,000. What was the population 
of South America? —[1.5a] 


Sources: Population Division/International Programs Center; The World 
Almanac 2008 


58. Add: 23,456 + 5677 + 4002. [1.2a] 


60. Subtract: 80,004 — 2305. [1.2c] 


62. Consider 8 and 12. Determine whether each of the 
following is the LCM of 8 and 12. Tell why or why not. 
a) 2:2:-3-3 
b) 2-2-3 
c) 2:3 
2 


+3 
d) 2-2-2-3 
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. 
1 Summary and Review 


( S 
Key Terms and Properties 
digit, p. 2 difference, p. 14 average, p. 71 
periods, p. 2 factor, p. 20 factor (noun), p. 76 
place-value chart, p. 2 product, p. 20 factor (verb), p. 76 
whole numbers, p. 3 multiplicative identity, p. 21 factorization, p. 76 
natural numbers, p. 3 dividend, p. 24 multiple, p. 77 
equation, p. 6 divisor, p. 24 divisible, p. 77 
inequality, p. 6 quotient, p. 24 prime number, p. 78 
sum, p. 11 remainder, p. 27 composite number, p. 78 
addend, p. 11 rounding, p. 30 prime factorization, p. 79 
additive identity, p. 11 solution of an equation, p. 44 even number, p. 83 
perimeter, p. 13 exponential notation, p. 67 least common multiple, p. 89 
minuend, p. 14 base, p. 67 least common denominator, p. 89 
subtrahend, p. 14 exponent, p. 67 


Concept Reinforcement 
Determine whether each statement is true or false. 


. a> bis true when ais to the right of bon the number line. [1.1d] 


. Any nonzero number divided by itselfis 1. [1.3c] 
. For any whole number a,a + 0=0. [1.3c] 


. The rules for order of operations tell us to multiply and divide before adding and subtracting. [1.6c] 


1 

2 

3 

4. Every equation is true. [1.4a] 

5 

6. The average of three numbers is the middle number. _[1.6c] 
7 


. The least common multiple of two numbers is always larger than or equal to the larger number. = [1.9a] 


Important Concepts 


Objective 1.1a Give the meaning of digits in standard notation. 


Example What does the digit 7 mean in 2,379,465? Practice Exercise 
2,3 7 9,465 1. What does the digit 2 mean in 432,079? 
7 means 7 ten thousands. 


Objective 1.1d Use < or > for [_] to write a true sentence in a situation like 6 [_] 10. 


Example Use < or > for to write a true sentence: Practice Exercise 
34 LJ 29. . . ; 2. Use < or > for to write a true sentence: 
Since 34 is to the right of 29 on the number line, 78 81 
34 > 29. 
Ne 4 
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a 


Objective 1.2a Add whole numbers. 


Example Add: 7368 + 3547. 
11 
7368 
+3547 
10,915 


Objective 1.2c Subtract whole numbers. 


Example Subtract: 8045 — 2897. 
13 
79 315 
B04 
—-2897 


5148 


Objective 1.3a Multiply whole numbers. 


Example Multiply: 57 x 315. 


1 
315 


2 
3 
1 
x 57 
2205 ~<—-315x7 
1575 0 <—315 X 50 
5 


17,955 


Objective 1.3c Divide whole numbers. 


Example Divide: 6463 + 26. 
248 
26 )6 463 
5 2 
126 
104 
223 
208 
15 
The answer is 248 R15. 


Practice Exercise 
3. Add: 36,047 + 29,255. 


Practice Exercise 
4. Subtract: 4805 — 1568. 


Practice Exercise 
5. Multiply: 329 x 684. 


Practice Exercise 
6. Divide: 8519 + 27. 


Objective 1.3d Round to the nearest ten, hundred, or thousand. 


Example Round 6471 to the nearest hundred. 
64 7 1 


t 


The digit 4 is in the hundreds place. We consider the next 
digit to the right. Since the digit, 7, is 5 or higher, we round 
4 hundreds up to 5 hundreds. Then we change all digits to the 
right of the hundreds digit to zeros. The answer is 6500. 


Practice Exercises 
7. Round 36,468 to the nearest hundred. 
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a 
Objective 1.3d (continued) 


Example Round to the nearest thousand. 
6 4 7 1 


The digit 6 is in the thousands place. We consider the 
next digit to the right. Since the digit, 4, is 4 or lower, we 
round 6 thousands down, meaning that 6 thousands stays 
as 6 thousands. Change all digits to the right of the thou- 
sands digit to zeros. The answer is 6000. 


Example Solve: y + 12 = 27. 


y+ 12 = 27 

y+ 12-12 = 27-12 
y+O0=15 
y=15 


The solution is 15. 


Objective 1.6b Evaluate exponential notation. 


Example Evaluate: 54. 
54=5-5-5-+5 = 625 


Objective 1.7a Find the factors of a number. 


Example Find the factors of 84. 
We find as many “two-factor” factorizations as we can. 
1-84 4-21 
2-42 6-14 


3-28 7+: 12<— Since 8, 9, 10, and 11 are not 
factors, we are finished. 


The factors are 1, 2, 3, 4, 6, 7, 12, 14, 21, 28, 42, and 84. 


Example Find the prime factorization of 84. 


To find the prime factorization, we can use either 
successive divisions or a factor tree. 


Thus, 84 = 2-2:°3:°-7. 


x 


8. Round 36,468 to the nearest thousand. 


Objective 1.4b Solve equations like t + 28 = 54, 28- x = 168, and 98 - 2 = y. 


Practice Exercise 
9. Solve: 24- x = 864. 


Practice Exercise 
10. Evaluate: 6°. 


Practice Exercise 
11. Find the factors of 104. 


Objective 1.7d Find the prime factorization of a composite number. 


Practice Exercise 


12. Find the prime factorization of 104. 
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7 


105 = 3-5-7, 


millions? [1l.la] 


Example Find the LCM of 105 and 90. 


90 = 2-°3-3°-5; 
LCM = 2:3-3-5-7 = 630 


Review Exercises 


[1.1la] 


2. In 13,768,940, what digit tells the number of 


Objective 1.9a Find the least common multiple, or LCM, of two or more numbers. 


Practice Exercise 


13. Find the LCM of 52 and 78. 


Add. [1.2a] 
11. 7304 + 6968 


13. 2703 + 4125 + 6004 + 8956 


The review exercises that follow are for practice. Answers are given at the back of the book. If you miss an exercise, restudy the 
objective indicated in red next to the exercise or on the direction line that precedes it. 

1. What does the digit 8 mean in 4,678,952? 
12. 27,609 + 38,415 


Write expanded notation. [1.1b] 14. 91,426 
3. 2793 4. 56,078 + 7,495 
5. 4,007,101 
Subtract. [1.2c] 
15. 8045 — 2897 16. 9001 — 7312 
Write a word name. [1.1c] 
6. 67,819 7. 2,781,427 Pree 
17. 6003 — 3729 18. 19,648 
Write standard notation. [1.1c] 
8. Subway Ridership. Ridership on the New York City 
Subway system totaled one billion, five hundred Multiply. [1.3a] 
sixty-three million in 2007. 19. 17,000 - 300 20. 7846 - 800 
Source: Metropolitan Transit Authority 
21. 726 - 698 22. 587 - 47 
23. 8305 
xX 642 
Divide.  [1.3c] 
24.63 +5 25. 80 + 16 
26.7) 6394 27. 3073 + 8 
28.60)286 29. 4266 + 79 
Use < or > for to write a true sentence. [1.1d] 
9. 67 56 10. 1 23 30. 3 8 ) 17,176 31. 52,668 + 12 
\C 
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a 


Round 345,759 to the nearest: [1.3d] 
32. Hundred. 33. Ten. 


34. Thousand. 35. Hundred thousand. 


Estimate each sum, difference, or product by 
first rounding to the nearest hundred. Show your 
work. [1.3e] 


36. 41,348 + 19,749 37. 38,652 — 24,549 
38. 396 - 748 


Solve. [1.4b] 


39. 46-1 = 368 40. 47 + x = 92 


41.1-y=58 42. 24=x+ 24 


43. Write exponential notation: 4-4-4. [1.6a] 


Evaluate. [1.6b] 
44. 104 45. 62 


Simplify. [1.6c, d] 
46.8-6+17 


47. 10-24 = (18 +9) = 4-—(9=7) 


48. (80 + 16) x [(20 — 56 + 8) + (8-8 —5-5)] 


49. Find the average of 157, 170, and 168. 


Solve. [1.5a] 


50. Computer Workstation. Natasha has $196 and wants 
to buy a computer workstation for $698. How much 
more does she need? 


51. Toni has $406 in her checking account. She is paid $78 
for a part-time job and deposits that in her checking 
account. How much is then in her account? 


52. Lincoln-Head Pennies. In 1909, the first Lincoln- 
head pennies were minted. Seventy-three years later, 
these pennies were first minted with a decreased 
copper content. In what year was the copper 
content reduced? 


53. An apartment builder bought 13 gas stoves at $425 
each and 13 refrigerators at $620 each. What was the 
total cost? 


54. An apple farmer keeps bees in her orchard to help 
pollinate the apple blossoms. The bees from an 
average beehive can pollinate 30 surrounding trees 
during one growing season. A farmer has 420 trees. 
How many beehives does she need to pollinate all of 
them? 

Source: Jordan Orchards, Westminster, PA 


55. Olympic Trampoline. Shown below is an Olympic 
trampoline. Determine the area and the perimeter of 
the trampoline. [1.2b], [1.3b] 


Source: International Trampoline Industry Association, Inc. 


1 i > 


56. A chemist has 2753 mL of alcohol. How many 20-mL 
beakers can be filled? How much will be left over? 


57. A family budgeted $7825 for food and clothing and 
$2860 for entertainment. The yearly income of the 
family was $38,283. How much of this income 
remained after these two allotments? 
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Find all the factors of each number. [1.7a] 
58. 60 59. 176 


60. Multiply by 1, 2, 3, and so on, to find ten multiples of 8. 


[1.7b] 
61. Determine whether 924 is divisible by 11. [1.7b] 
62. Determine whether 1800 is divisible by 16. [1.7b] 


Determine whether each number is prime, composite, or 


neither. [1.7c] 

63. 37 64. 1 65. 91 

Find the prime factorization of each number. [1.7d] 
66. 70 67. 30 

68. 45 69. 150 

70. 648 71. 5250 


To do Exercises 72-79, consider the following numbers: 


140 716 93 2802 
95 2432 330 711 

182 4344 255,555 

475 600 780 


Which of the above are divisible by the given number? [1.8a] 


72. 3 73. 2 
74. 4 75. 8 
76. 5 77. 6 
78. 9 79. 10 


1. Use the number 9432 to explain why the test for divisi- 
bility by 9 works. [1.8a] 


2. Explain a method for finding a composite number that 


Understanding Through Discussion and Writing 


contains exactly two factors other than itselfand 1. [1.7c] 


Find the LCM. 
80. 12 and 18 


[1.9a] 
81. 18 and 45 


82. 3, 6, and 30 83. 26, 36, and 54 


84. Simplify: 7 + (4 + 3)?. [1.6c] 
A. 32 B. 56 
Cc. 151 D. 196 
85. Simplify: 7 + 4% + 37. [1.6c] 
A. 32 B. 56 
C. 130 D. 196 


86. Simplify: [46 — (4-— 2)-5])+2+4. [1.6d] 
A. 6 B. 20 
C. 114 D. 22 
Synthesis 


87. Determine the missing digits aand b.  [1.3c] 
9al 


2b1)236,421 


88. A prime number that remains a prime number when 
its digits are reversed is called a palindrome prime. 
For example, 17 is a palindrome prime because both 
17 and 71 are primes. Which of the following numbers 
are palindrome primes? [1.7c] 


13, 91, 16, 11, 15, 24, 29, 101, 201, 37 


89. A mining company estimates that a crew must 
tunnel 2000 ft into a mountain to reach a deposit of 
copper ore. Each day, the crew tunnels about 500 ft. 
Each night, about 200 ft of loose rocks roll back into 
the tunnel. How many days will it take the mining 
company to reach the copper deposit? [1.5a] 


3. Write a problem for a classmate to solve. Design the 
problem so that the solution is “The driver still has 
329 mitotravel.” [1.5a] 


4. Consider the expressions 9 — (4 - 2) and (3 - 4)”. Are 
the parentheses necessary in each case? Explain. [1.6c] 


y 
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CHAPTER 


For Extra Help 


1 Test “eikitep 


Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
on DVD, in MyMathLab 


_ and on You§jili: (search “BittingerDevMath” and click on “Channels”, 


1. In the number 546,789, which digit tells the number of hundred thousands? 


2. Write expanded notation: 8843. 


Add. 
4. i il I as AL 5 t8 te} &) 
a @ ll 7 & a ll 7,9 © 2 
Subtract. 
Ge 6 ©) 3S 9 2974 
=4353 = IS) 3 5 
Multiply. 
12. 4568 13. 3 fe} a (6) 
x ) x 600 
Divide. 
16515) 4 U7, AAD se 
Solve. 


20. Calorie Content. An 8-oz serving of whole milk 
contains 146 calories. This is 63 calories more than the 
number of calories in an 8-0z serving of skim milk. How 
many calories are in an 8-0z serving of skim milk? 
Source: American Journal of Clinical Nutrition 


22. Office Supplies. Morgan manages the office of a small 
graphics firm. He buys 3 black inkjet cartridges at $15 
each and 2 photo inkjet cartridges at $25 each. How much 
does the purchase cost? 


3. Write a word name: 38,403,277. 


G L239 lo G20 8 
8 4 3 ap obs) I 
3 @ I 
+ of (3) 2 
10 8907 Il, 4 S,l0) © 7 
= AW ® & = ll 7,3 &) 2 
14. 65 15. 678 
xsi 7 x 788 


18.89) 8633 19.44)35,428 


21. A box contains 5000 staples. How many staplers can 
be filled from the box if each stapler holds 250 staples? 


23. Pool Tables. The Bradford™ pool table made by 

Brunswick Billiards comes in three sizes of playing area, 

50 in. by 100 in., 44 in. by 88 in., and 38 in. by 76 in. 

Source: Brunswick Billiards 

a) Determine the perimeter and the playing area of each 
table. 

b) By how much does the area of the largest table exceed 
the area of the smallest table? 


Test: Chapter 1 101 


Round 34,528 to the nearest: 


24. Thousand. 25. Ten. 


26. Hundred. 


Estimate each sum, difference, or product by first rounding to the nearest hundred. Show your work. 


flo 4 By 4 28. 
+5 4,746 


Solve. 
30. 28 + x = 74 


31. 169 + 13 =n 


34. Write exponential notation: 12 - 12-12 - 12. 


Evaluate. 


35. 72 36. 10° 


Simplify. 
aie) oid) = Ibo 2s) Ab ap} 


42, 24+ 24+ 12 


Determine whether each number is prime, composite, 
or neither. 


44, 41 45. 14 
48. Determine whether 1784 is divisible by 8. 
50. Determine whether 5552 is divisible by 5. 


Find the LCM. 
52. 16 and 12 


54. Find the average of 97, 99, 87, and 89. 
A. 93 B. 124 


Synthesis 


55. An open cardboard container is 8 in. wide, 12 in. long, 
and 6 in. high. How many square inches of cardboard 
are used? 
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40. 102 — 22 + 


54,75 1 ath (3) 2 a 
= 7) Sia) CY) x 489 


32. 38 - y = 532 33. 381 =O+a 


Use < or > for to write a true sentence. 


37. 34 17 38. 117 157 


2 41. (25 — 15) +5 


Ase (20 tye (i248) 6 45.2 


Find the prime factorization of the number. 
46. 18 47. 60 


49. Determine whether 784 is divisible by 9. 


51. Determine whether 2322 is divisible by 6. 


53. 15, 40, and 50 


C. 186 D. 372 


56. Use trials to find the single-digit number a for which 
B50 46 a 2 = = 509, 
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2.1 ‘Fraction Notation and Simplifying 3 Pa ~~ 
2.2 Multiplication and Division = R ~~ im...) 
.* 4 


2.3 Addition and Subtraction; Order 
MID-CHAPTER REVIEW 

2.4 Mixed Numerals 

2.5 Applications and Problem Solving ~~ 
TRANSLATING FOR SUCCESS 

2.6 Order of Operations; Estimation 


SUMMARY AND REVIEW 
TEST 


Real-World Application 


Black bears typically have two cubs. In January 2007 in northern New Hampshire, a 
black bear sow gave birth to a litter of 5 cubs. This is so rare that Tom Sears, a wildlife 
photographer, spent 28 hr per week for six weeks watching for the perfect opportunity 
to photograph this family of six. At the time of this photo, an observer estimated that 
the cubs weighed 7 5 Ib, 8 Ib, 95 Ib, 102 Ib, and 113 Ib. What was the average weight of 
the cubs? 


Source: Andrew Timmins, New Hampshire Fish and Game Department, Northcountry News, Warren, NH; 
Tom Sears, photographer 


This problem appears as Exercise 25 in Section 2.6. 
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2.1 


a Identify the numerator and 
the denominator of a 
fraction and write fraction 
notation for part of an 
object. 


b Simplify fraction notation 
like n/n to 1, O/n to O, and 
n/i ton. 


C > Multiply a fraction by a 
fraction, and multiply a 
fraction by a whole number. 


A> Multiply a number by 1 to 
find fraction notation with 
a specified denominator. 


@ ) Simplify fraction notation. 


SKILL TO REVIEW 
Objective 1.7d: Find the prime 
factorization of a composite 
number. 


Find the prime factorization. 
1. 84 2. 2250 


For each fraction, identify the 
numerator and the denominator. 

1. 3, of people age 5 and older in 
Maryland speak a language 
other than English at home. 
Source: 2006 American Community Survey 


2. 7} of the U.S. population in 2050 
is projected to be foreign-born. 
Source: Pew Research Center 


Answers 
Skill to Review: 
De. 22 Bee Qe 2 Be 3 S525. 


Margin Exercises: 
1. Numerator: 3; denominator: 20 
2. Numerator: 19; denominator: 100 
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Fraction Notation and Simplifying 


The study of arithmetic begins with the set of whole numbers 
0, 1, 2,3, 4, 5, 6, 7, 8, 9, 10, 11, and so on. 


But we also need to be able to use fractional parts of numbers such as halves, 
thirds, fourths, and so on. Here is an example. 


The tread depth of an IRL 
Indy Car Series tire is 3 in. 
Tires for a normal car have 
a tread depth of 33 in. when 
new and are considered bald 
at 4 in. 

Sources: Indy500.com; Consumer Reports 


a) Fractions and the Real World 


Numbers like those above are written in fraction notation. The top number 
is called the numerator and the bottom number is called the denominator. 


EXAMPLE 1 Identify the numerator and the denominator. 


7 < Numerator 
8 <— Denominator 


Do Margin Exercises 1 and 2. 


Let’s look at various situations that involve fractions. 


Fractions as a Partition of an Object Divided 
into Equal Parts 


Consider a candy bar divided into 5 equal 
sections. If you eat 2 sections, you have 
eaten of the candy bar. The denominator 
5 tells us the unit, 4. The numerator 2 tells 
us the number of equal parts we are 
considering, 2. 


EXAMPLE 2 What part is shaded? 


There are 8 equal parts. This tells us the unit, k. The denominator is 8. We 
have 5 of the units shaded. This tells us the numerator, 5. Thus, 


5 <— 5 units are shaded. 
8 < The unit is §. 


is shaded. 


EXAMPLE 3. What part is shaded? 


There are 18 equal parts. Thus the unit is ;4;. The pelommnater! is 18.We have 
7 units shaded. This tells us the numerator, 7. Thus, 4 ig is shaded. 


Do Exercises 3-6. 


The markings on a ruler use fractions. 


EXAMPLE 4 What part ofan inch is highlighted? 


16 equal spaces 


Each inch on the ruler shown above is divided into 16 equal parts. The 
highlighting extends to the 11th mark. Thus, ut of an inch is highlighted. 


Do Exercise 7. 
24 » 


Fractions greater than or equal to 1, such as 34, 4, and 3, correspond to 
situations like the following. 


EXAMPLE 5 What part is shaded? 


a) 


The rectangle is divided into 24 equal parts. Thus the unit is ore The 
denominator is 24. All 24 equal parts are shaded. This tells us that the 
numerator is 24. Thus, 54 is shaded. 


21 


What part is shaded? 
3 


4. 1 mile 


1 gallon 4 =e 


7. What part of an inch is 
highlighted? 


Answers 
e. Ae gS Ge gS 
6 3 4 15 16 
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What part is shaded? 


10. 


Answers 
ae 9 2 ag 
15 3 
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"Ea 
[i a 
(oe 


Each rectangle is divided into 6 parts. Thus the unit is ;. The denominator 
is 6. We see that 11 of the equal units are shaded. This tells us that the numera- 
tor is 11. Thus, } is shaded. J 


EXAMPLE 6 _ Ice-Cream Roll-up Cake. What part of an ice-cream roll-up 
cake is shaded? 


3 ice cream roll-up cakes 


Each cake is divided into 6 equal slices. The unit is §. The denominator 
is 6. We see Aeapaa 13 of the slices are shaded. This tells us that the numerator 
is 13. Thus, % is shaded. 


Do Exercises 8-10. 


Fractions larger than or equal to 1, such as # or 3, are sometimes referred 
to as “improper” fractions. We will not use this terminology because notation 
such as a me and 4 is quite “proper” and very common in algebra. 


-b) Some Fraction Notation 
~ for Whole Numbers 
Fraction Notation for 1 
The number 1 corresponds to situations like those i [ss 
shown here. If we divide an object into n parts and take 


n of them, we get all of the object (1 whole object). 2 La =a 
2 


THE NUMBER 1 IN FRACTION NOTATION 


n 
; = 1, for any whole number n that is not 0. 


EXAMPLES Simplify. 


5 9 23 
ee ee 7 8 —=1 ‘aa = 
i 5 9 ‘ 23 
Do Exercises 11-16. 


Fraction Notation for O 


Consider the fraction $. This corresponds to dividing an object into 4 parts 
and taking none of them. We get 0. 


THE NUMBER O IN FRACTION NOTATION 


0 
a 0, for any whole number nv that is not 0. 


EXAMPLES Simplify. 


0 


0 
oe 12. — =0 


23 
Fraction notation with a denominator of 0, such as 7/0, is meaningless 


because we cannot speak of an object being divided into zero parts. See also 
the discussion of excluding division by 0 in Section 1.3. 


A DENOMINATOR OF O 


a is not defined for any whole number n. 


Do Exercises 17-22. 
Other Whole Numbers 


Consider the fraction {. This corresponds to taking 4 objects and dividing 
each into 1 part. (In other words, we do not divide them.) We have 4 objects. 


ANY WHOLE NUMBER IN FRACTION NOTATION 


Any whole number divided by 1 is the whole number. That is, 


: =n, for any whole number n. 


2.1 


Simplify. 
1 


Ils = 
1 


34 
1}; == 
: 34 
2347 


5 
: 2347 


12. 


Simplify, if possible. 


Answers 


11. 1 12. 1 
16. 1 17. 0 


21. Not defined 


Fraction Notation and Simplifying 


13. 1 14.1 15:1 
18. 0 19. 0 20. 0 
22. Not defined 


107 


Simplify. 


) EXAMPLES Simplify. 


2 9 34 
24, 13. 5 = 2 4, 7=9 15, — = 34 


Aral Do Exercises 23-26. 


c Multiplication Using Fraction Notation 


Let’s visualize the product of two fractions. We consider the multiplication 
ose 
5 aA 

This is equivalent to finding 2 of 3. We first consider an object and take ? 


of it. We divide the object into 4 equal parts using vertical lines and take 3 of 
them. That is shown by the shading below. 


3 


Next, we take 3 of the shaded area. We divide it into 5 equal parts using hori- 
zontal lines and take 3 of them. That is shown by the darker shading below. 


alow 
ml 
ow 


The entire object has now been divided into 20 parts, and we have shaded 9 
of them twice. Thus we see that ? of 3 is 3, or 


27. Draw a diagram like the one at 3.3 - a 
right to show the multiplication 5 4 20 


ae 
5 


Answers 
23.8 24.10 25. 346 


27.0 4 
____s 


The figure above shows a rectangular array inside a rectangular array. The num- 
ber of pieces in the entire array is 5 - 4 (the product of the denominators). The 
number of pieces shaded a second time is 3 - 3 (the product of the numera- 
tors). The product is represented by 9 pieces out of a set of 20, or 2, which is the 
product of the numerators over the product of the denominators. This leads us 
to a statement of the procedure for multiplying a fraction by a fraction. 


Do Exercise 27. 


26. 23 


} 
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We find a product such as 2 - 3 as follows. 


To multiply a fraction by a fraction, 


a) multiply the numerators to 
get the new numerator, and 


9 3 
7 4 


b) multiply the denominators to __ tt 


get the new denominator. 


EXAMPLES Multiply. 


5 7 5X7 35 
6° 4 6X4. 24 


16. 


Skip writing this step whenever you can. | 


17. ot wd = Bl 
5 8 5:8 40 
ig, Bh 0 
3.3 9 
19. : : ; = a Multiply. 
28. ane 29. es x w 
j.ex ea gta 15 Q 7 a” & 
, 8 1 8 1x8 8 
a3 2 
Do Exercises 28-31. 20 10 rs 
(d) Multiplying by 1 
Recall the following: 
l 1 2 3 #4 #10 #45 #2100 =n 
1 2 3 4 #10 45 100 vn 
l= = = = 
1 2 3 iat 
2 3 4 
Any nonzero number divided by itself is 1. (See Section 1.3.) 
Now recall the multiplicative identity from Section 1.3. For any whole 
number a,1- a= a- 1 =a. This holds for fractions as well. 
MULTIPLICATIVE IDENTITY FOR FRACTIONS 
When we multiply a number by 1, we get the same number: 
3.3. 3.4 = 12 Answers 
5 5 5 4 20 15 32 3 14 
28.52 29.77 3075 BLS 
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Since 3 = x, we know that 3 and Tt are two names for the same number. 


We also say that 2 and a are equivalent fractions. 


3 12 
5 20 
Multiply. 
il & 10 
32 skh Sos 
=2 
20 


3 
2 & 5 I@) 
3 
3} Al } IS) 
qf 25 4 35. a es Do Exercises 32-35. 


Suppose we want to find a name for 2 but one that has a denominator of 9. 
We can multiply by 1 to find equivalent fractions. Since 9 = 3 - 3, we choose 
3 for 1 in order to get a denominator of 9: 


2_2 ,_2,3_2:3_6 
3. 3 23 3293, o 


2 6 
3 9 
2_6 
3 .°:«C9 


EXAMPLE 21 Findaname for £ with a denominator of 35. 
Since 5 - 7 = 35, we multiply by 2: 


2 2 7 =+#2:-7~ 14 
5 5 7 5:7 35 


We say that2 and## represent the same number. They are equivalent. 


r 1ec3 ‘ 
Pinclangticenanieiian eaehmiuniner EXAMPLE 22 Find aname for ; with a denominator of 24. 


but with the denominator indicated. Since 4 - 6 = 24, we multiply by 8. 
Itiplyi : 
Use multiplying by 1 i: 1 & dee 6 
i iho 4 46 4:6 24 
“3° 9 A. 349 


The numbers } and 3; are equivalent. 


Dap aI 39. is) oS Do Exercises 36-39. 


e) Simplifying Fraction Notation 
All of the following are names for three-fourths: 


3.6 9 12 15 
4’ 8 12’ 16’ 20° 


We say that 3 is simplest because it has the smallest numerator and the small- 
est denominator. That is, the numerator and the denominator have no com- 


Answers f Ga eetaaicl 
P ap es a50 mon factor other than 1. 
32. 33. 34. 35. 
16 50 100 75 
36 = 37 ue 38. ae 39 2 
9 * 49 100 45 
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To simplify, we reverse the process of multiplying by 1: 


12 2-6 <—Factoring the numerator 


18 3-6 —Factoring the denominator 
2 6 ; ' 
= FS Factoring the fraction 
3 6 
2 6 
==:1 —~=1 
3 6 
2 2 2 
= >, R i f 1 ea ee 
3 emoving a factor o 3 3 
' EXAMPLES Simplify. 
23 8 2-4 2 4 2 
"20 594° 5 4 5 
Simplify. 
2A ee ee ee The number 1 allows for pairing 5 a 
“6 3-2 32 83 of factors in the numerator and 40. — A, == 
the denominator. 8 18 
} 10 15 


Do Exercises 40-43. 7. 43. 5 


The use of prime factorizations can be helpful for simplifying when nu- 
merators and/or denominators are large numbers. 


) EXAMPLE 25. Simplify: a 


90 2-3:-3°-5 Factoring the numerator and SKILL MAINTENANCE 
84. 2-2-3-7 the denominator into primes EXERCISES 
23°37 Changing the order so that like primes i enue #0 ao to begin Pee 
= 3-2-7 areghoveand below sacharher ing for the final examination. The 
Skill Maintenance exercises found 
= 2 . 3 . 3:5 Factoring the fraction in each exercise set review and 
coe eet reinforce skills taught in earlier 
3-5 sections. Include all of these exer- 
=1-1- 2-7 cises in your weekly preparation. 
Answers to all of the Skill Mainte- 
Sa Removing factors of 1 nance exercises, along with 
aoe section references, appear at the 
i back of the book. 
(14 ) 


The tests for divisibility (Section 1.8) are very helpful in simplifying frac- 
tion notation. We could have shortened the preceding example had we noted 
that 6 is a factor of both the numerator and the denominator. Then we have 


90 _ 6-15 6 15 _=+215 
84 6:14 6 14 14 


Answers 
1 4 5 3 
a7 thy A Ae 


24 Fraction Notation and Simplifying 111 


Simplify. 
35 801 24 
44, 20 45. 702 46. OL 
75 280 1332 
47. 300 48. 960 49. 3880 


50. Simplify each fraction in this 
circle graph. 


Pizza Orders, 
January — June 


Pepperoni 


Sausage 


20, Vegetable 
5 


100 


Simplifying Fraction 
Notation Fraction calculators are 


that allows for simplification with frac- 
tion notation. To simplify 208/256 with 
such a fraction calculator, the following 
keystrokes can be used. 


2|[o][8 ][ a 


2|[5 6] [=]. 


The display [713 116. 
plified fraction notation 


represents sim- 
B 
a 


Calculator Corner 


equipped with a key, often labeled | a°/< |, 


Exercises: Use a fraction calculator to 
simplify each of the following. 
84 35 
1. — 20 
90 40 
690 4, 22. 
* 835 * 150 
Answers 
7 89 8 1 7 
44, 8 45. 78 46. 7 47. ri 48. 2A 
49. 37 50. 22 ce 35 fe 18 a 
80 100 50 100 20 100 50 


5 1 20 1 


100 20'100 5 
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Fraction Notation 


EXAMPLE 26 Simplify: ss 


At first glance this looks difficult. But note, using the test for divisibility 
by 9 (sum of digits is divisible by 9), that both the numerator and the denomi- 
nator are divisible by 9. Thus we write both numbers with a factor of 9: 


603 _ 9-67 _ 9 67_ 67 
207 9-23 9 23 23° 


: ; 660 
EXAMPLE 27 Simplify: 140° 
Using the tests for divisibility, we have 
660 10°66 10 66 _ 66 Both 660 and 1140 
1140 10-114 10 114 114  aredivisible by 10. 
_ 6-11 _ 6 ; 11 _ 11 Both 66 and 114 are 
6-19 6 19 19° divisible by 6. 


Do Exercises 44-50. 


Canceling 
Canceling is a shortcut that you may have used for removing a factor of 1 
when working with fraction notation. With great concern, we mention it as 
a possibility for speeding up your work. Canceling may be done only when 
removing common factors in numerators and denominators. Each such pair 
allows us to remove a factor of 1 in a fraction. 

Our concern is that canceling be done with care and understanding. In 
effect, slashes are used to indicate factors of 1 that have been removed. For 
instance, Example 25 might have been done faster as follows: 


90 2-:3-3:°-5 
= 3.307 Factoring the numerator and the denominator 


84 2° 
_2°2°3°5 When a factor of 1 is noted, 
2°2°3°7 it is “canceled” as shown: a : = 1, 
_3:5_15 
7 14 


Caution! 


The difficulty with canceling is that it is often applied incorrectly in situa- 
tions like the following: 


oe ad A+1 1. 131 
2 " #+2 2? BAA 
Wrong! Wrong! Wrong! 


The correct answers are 


325 3D 5 
3-18 3 18 18 


2+3 5 441 =5 15 
2 2? 4+2 6 54 


In each situation, the number canceled was not a factor of 1. Factors are 
parts of products. For example, in 2 - 3, 2 and 3 are factors, but in 2 + 3, 2 
and 3 are not factors. Canceling may not be done when sums or differences 
are in numerators or denominators, as shown here. If you cannot factor, 
you cannot cancel! If in doubt, do not cancel! 


For Extra Help —— 


Exercise Set MyMathLab\)) "2. eS = 


(a) Identify the numerator and the denominator. 


9 11 18 
. are 4, —_ 5. 
2 3 2 5 


1. 10 


| OO 
NO 
for) 
| 


What part of each object or set of objects is shaded? 


i 


lacre 


10. 1 gold bar 


DERE 
HTT 


2 gold bars 


: [LT TT 
2 quarts 


What part of an inch is highlighted? 


13. aes 14. 


15. 17. 18. 
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19. | El 20. 21. 22. 
| ae 1 pie 
LLL | 


For each of Exercises 23-26, give fraction notation for the amount of gas (a) in the tank and (b) used from a full tank. 
25. 26. 


D> simplity, 
20 0 729 56 0 
27. 20 28. 16 29. “OQ. 30. 56 31. 238 
13 G21 8 5 e25 
a2 a ce oe hee 
10 = 10 9-8 at ae ye 36. 547 
3 1317 0 ll-1 
aS oe 39. — 40. 
n3 0 er io=8 
ic) Multiply. 
a2 5-4 7 5 ae 
4g 42.705 aoe MO ae at ae 
4 4 2 aT 3 1 8 5 ll 9 
46. —-= 47.= X= 48.—xX = 49. =-= 50. —-— 
5 5 3 5 5 5 2 7 3 2 8 
2 3 1 1 1 1 5 
51,— "3 26a b Sree 4. —-+— 55. 17 X = 
aes aaa ae Te a : 6 
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56. — 40 57 Pgs 
“7 “10 10 
ee 62, 3.4 
3 13 1 5 
21 7 8 20 
66. — -— 67. —-— 
4 5 3 9 


an: ee ae? 
"8 32 "6 18 
| a ll? 
75. — = — 76. — = — 
18 54 5 30 
@ Simplify. 
2 4 
79. — 80. — 81. 
4 8 
24 36 
85. — 86. — 87. 
8 9 
oi g2, 16 93. 
10 14 
97.22 es 99 
“51 525 ° 
Synthesis 


What part of each object is shaded? 


7 srt - — - 


oomlon 


18 


810 


1 
63.5 kK — 
8 


100. 


77. 


82. 


88. 


94. 


42 
48 


64. 


132 


2.1 


5 2 
74..> > — 
6 48 
2 
78 — == 
8 56 
3 
83. — 84 
15 
go. 4 90 
16 . 
150 
95. —— 96. 
25 
210 
101. —— 102. 
2700 
106. 
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2 1 
=.] 60. 2 - — 
5 

1 1 
4x 65. — xX — 
5 4 

4b 70, 22. 
“15 19 “13 


2250 
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SKILL TO REVIEW 
Objective 1.8a: Determine whether 
a number is divisible by 2, 3, 4, 5, 6, 
8, 9, or 10. 


Determine whether each number is 
divisible by 9. 


1. 486 2. 129 


STUDY TIPS 


ASKING QUESTIONS 


Don't be afraid to ask questions in 
class. Most instructors welcome 
this and encourage students to ask 
them. Other students probably 
have the same questions you do. 


(a) Multiplying and Simplifying 
Using Fraction Notation 


It is often possible to simplify after we multiply. To make such simplifying eas- 
ier, it is usually best not to carry out the products in the numerator and the de- 
nominator immediately, but to factor and simplify first. Consider the product 


cae 
8 9 
We proceed as follows: 
We write the products in the numerator 
3 4 3:4 ‘ 
3°9 = acu and the denominator, but we do not carry 
, them out. 
__ 3:2:2 Factoring the numerator and the 
2:2-2°3:-3 denominator 
_ _3:°2-2:1 Using the identity property of 1 to insert 
2-2-2-3-3 the number 1 as a factor 
= Factoring the fracti 
es ae actoring the fraction 
1 
= ‘|| . —— 
223 
eyane R i factor of 1 
= 5.4 emoving a factor 0 
en 
6° 


The procedure could have been shortened had we noticed that 4 is a factor of 
the 8 in the denominator: 
3.4 3:4 3:4 3-4 1 1 1 1 
8 9 8:9 4:2:3:- ; : 


To multiply and simplify: 


a) Write the products in the numerator and the denominator, but do 
not carry them out. 


b) Factor the numerator and the denominator. 


c) Factor the fraction to remove a factor of 1, if possible. 


d) Carry out the remaining products. 


Answers 


Skill to Review: 
1. Yes 2. No 
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EXAMPLES Multiply and simplify. 


12.2 289  2ag¢9° 293 3 3 
“3 4 3-4 3-2-2 2-3 2 2 2 
> §.5_ 6:5 3-2:5_3 2:5 _ | 2:5 2-5 10 
"7 3 47:3 7:3 3 #7 7 7 7 
7 40 7 40-7 8-5-7 8 5:7 5:7 5:7 
~A 7 = . = = = i = ] - — = — = 
cone 8 1 8 1-8 1:8 8 1 1 1 oe 


Caution! 


Canceling can be used as follows for these examples. 


29 = 2:9 = 2:3°3 3 


4 3-4 3-2-2 2 


Removing a factor of 1: 


2-3 _ 


=1 

289 
2 6.5. 645 pi 2-3 2°53 10 Removing a factor of 1: 
"7 3 73 7B 7 Say 

3 

7 40-7 8-5-7 = 5:7 Removing a factor of 1: 

4 = = = 35 
sono 8 1:8 1-8 1 a 

8 


\b) Reciprocals 


Look at these products: 
pec 4 23738 e_, 
S 2 8 228 8 ~~ ‘32° B22 6 


RECIPROCALS 


If the product of two numbers is 1, we say that they are reciprocals 
of each other. To find the reciprocal of a fraction, interchange the 
numerator and the denominator. 


Number: 


3 
ri —- Reciprocal: 


' EXAMPLES Find the reciprocal. 


4.5 
4. The reciprocal of — is 
5 4 
: _ 1 
5. The reciprocal of 24 is 34" 


1 
6. The reciprocal of 3 is 3. 


4 5 20 _ 1 
5 4 20 
24.24 1 24 

i : . = if 

Think of 24 as "4 aa oe 
1 3 
‘Qe. et = 7 
ee i 


Do Exercises 5-8. 


Does 0 have a reciprocal? If it did, it would have to be a number x such 
that 0 - x = 1. But 0 times any number is 0. Thus we have the following. 


O HAS NO RECIPROCAL 


The number 0, or -. has no reciprocal. (Recall that 7 is not defined. 


Multiply and simplify. 


Find the reciprocal. 
5. 2 
& 


7.9 


Answers 


7 
| 
12 


ole 
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ou 
oa 


117 


8 4 
raat 
4 4 4 
Divide and simplify. 
G 8 De ill 
Leese NO ae 
2 7 =A e 3 al 
4 3 
Ile = = & i, GO = = 
5 5 
Answers 
8 8 
95 103 U.75 12. 100 
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(€) Dividing Using Fraction Notation 


Consider the division? + 4. We are asking how many #'s are in 3. We can answer 
this by looking at the figure at left. We see that there are six ’s in }. Thus, 


We can check this by multiplying: 


Lx 6 1.8 4°32 39 
8 18 8 2:4 24 4 


6- 


Here is a faster way to do this division: 


3:8 24 6 Multiplying by the reciprocal 
4-1 4 . of the divisor 


To divide fractions, multiply the dividend by the reciprocal of the divisor: 


2.3_24 2-4 8 
5 4 5 3 5:3 15 


Multiply by the reciprocal of the divisor. 


' EXAMPLES Divide and simplify. 


g 2 u2 5.3 _ 5:3 9°33 5 _ 5 _5 
6 3S 6 2 62 Be2Ze2 3 22. 22 
gia 1? wie 7 lak: Se a Se 
8 16 8 1 8-1 8-1 8 1 1 
gate aoe ee ae! i 1 
5 5 5*6 523° 2-53 583 15 } 
Caution! 
Canceling can be used as follows for Examples 7-9. 
eae 5 3 _ 5°3 59°35 5 Removing a 
632° 6 3° 639 Be959 O20 4 factor of 1: 5 = 1 
g 3 Dg Sy ee NO ee eloushnendas 
8 16 8 1 8-1 8-1 1 factor of 1: 5 = 1 
Ne eee ee 2-1 #1 1 Rennes. 
5 a6 586 “bees Geo. 15 factor of 1: $ = 1 


Remember: if you can’t factor, you can’t cancel! 


Do Exercises 9-12. 


What is the explanation for multiplying by a reciprocal when dividing? 
Let’s consider 5 + 2. We multiply by 1. The name for 1 that we will use is 
(5/7)/(5/7); it comes from the reciprocal of 2. 


2 5 


2 


5 2 
3 


| N} wlth 


ik 
5 
4 


i) 
“NJ 
| N} wlth 


3 . 
7 
5 


Thus, 


(d) Solving Equations 


3 
$ . 
5 


7 . 
5 1 37 21 
7 


Do Exercise 13. 


Now let’s solve equations a- x = b and x- a = b, where a and b may be 
fractions. We proceed as we did with equations involving whole numbers. 


We divide by a on both sides. 


) EXAMPLE 10 Solve: $- x = &. 


We have 
4 6 
Ses xXy=— 
3 7 
4 6 
Sage 
3 7 aay 4 F 
<a Dividing by 3 on both sides 
3 68 
6 3 ene : 
x= 74 Multiplying by the reciprocal 
G3 243°3 2 393) 393 9 
7:4 7-2-2 2 7-2 7-2 14 


The solution is 3. 


) EXAMPLE 11 Solve: t- 4 = 80. 


Dividing by ¢ on both sides, we get 


4 5 80°5 
t= 80 = 80 - 


= 


4-20°-5 4 20-5 


5 4 4 


The solution is 100. 


4-1 4 1 


| Do Exercises 14 and 15. 


13. Divide by multiplying by 1: 


4 
Be, 
6 
7 
Solve. 
5) 2, 
ML Soy= = 
B08 
3 
15. —- n= 24 
A n 
Answers 
3.14 i44 45. 32 
15 5 
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For Extra Help 


MyMathLab 


(a) Multiply and simplify. Don't forget to simplify! 


21. 


25. 


29. 


12: 


35 - 


11 
24 


oo | Oo 


10. 


14. 


18. 


22. 


26. 


30. 


| 00 
| 


= +18 


10 150 


15 4 
22 7 


(b) Find the reciprocal of each number. 


33. 


37. 


= 
6 


120 


34. 


38. : 
4 


Ls 
8 


Fraction Notation 


23. 


27. 


31. 


35. 


39. 


24: 


ele 
wir 


240 -— 


10 3 
21 4 


vai, TG 


PRACTICE 


WATCH 


12. 


16. 


20. 


24, 


28. 


32. 


36. 


40. 


DOWNLOAD 


4a 
6 6 
1 
4-— 
4 
20 
11-2 
2 
2 
9 
il 
150 - — 
38 
10 10 
173 
18 5 
4 
ed 
4 


READ 


REVIEW 
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(c) Divide and simplify. Don't forget to simplify! 


3. 3 2 3 
41.33 42, —+— 
5 4 3° 4 
“3° 3 “9 3 
3 5 
49.~ +3 50.~ +5 
8 6 
3 3 
59, 12-4 = A. 4 = 
2 ? 8 
“8 8 “5 5 
9 4 5 25 
Sl. 5 62. 15 * 36 
( d ) Solve. 
4 3 
65. —:- x = 60 . + t= 90 
5.2 x= 6 66. | 9 
25° «+5 4 8 
69. x-— = — 70. p:—_=— 
36 «D Pg 45 


Skill Maintenance 


Divide. [1.3c] 

73. 7140 + 35 74. 32,200 + 46 
What does the digit 8 mean in each number? _[1.1a] 
77. 4,678,952 78. 8,473,901 


Synthesis 


81. If; of anumber is j, what is 5 of the number? 


3.9 
43, = + — 
5 4 


47. 


51. — +4 


4 
55. 28 + = 
5 


59. 


63. 120 + — 


67. 


wla 


8 
71. n-— = 360 
ia; 


75.9) 27,009 


79. 7148 


2.2 


44. 


48. 


52. 


56. 


60. 


64. 


68. 


72. 


76. 


80. 


6.3 
7° 5 
lol 
4° 5 
1 
5 
2 
40 + — 
3 
6.38 
13 26 
8 
360 + - 
4-8 
9 3 
5 
-— = 120 
ars 
35)7148 
23,803 
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1 1 


A oh 
fe ey c ay: 
mf); oo | 
ee! oe aed 


al a 
5 5 
it 
| 
— 
Add and simplify. 
5) 9 il 2 
ec ees eee 
G iss 183 z 3 3 
es aes 
1D 12 "16 16 
Answers 
4 14 1 3 
a a a 


(a) Addition Using Fraction Notation 


Like Denominators 


Addition using fraction notation corresponds to combining or putting like 
things together, just as addition with whole numbers does. For example, 


We combine two sets, each of 
which consists of fractional parts of 


one object that are the same size. This is the resulting set. 
1 1 1 
A A A 
\ c * 
2 + 3 = 3 
8 8 ~ 8 


2 eighths + 3 eighths = 5 eighths, 
2 ee es 2,3 5 


We see that to add when denominators are the same, we add the numerators 
and keep the denominator. 


Do Exercise 1. | 


To add when denominators are the same, 

a) add the numerators, —_ a 

5 2+5 7 
6 6 6 6 


2 
b) keep the denominator, + 


and 
c) simplify, if possible. 


| EXAMPLES Add and simplify. 
2 1 2+ 1 3 


1. A + ie -ae A No simplifying is possible. 

xt 3_11+3 144 2:7 27 ee 7 Here we 

“6 6 6 6 2:3 2 3 3 3 simplified. 

3 3 5 34+5 8 4:2 4 2_,.2 2 

“12 12 12 12 4-3 4 3 3 3 ) 


Do Exercises 2-5. J 


Different Denominators 

What do we do when denominators are different? We can find a common 
denominator by multiplying by 1. Consider adding § and 3. There are many 
common denominators that can be obtained. Let’s look at two possibilities. 
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ee eee | i, 22 ety = 
6 4 6 4 6 4 6 4 
te ee a See 
64 4 6 6 2 4 3 
_4 18 a) 
24 24 — 12~~«212 
ao ah 
~ 54 =p BEING A TUTOR 
I Try being a tutor for a fellow 
=D Simplifying student. Your understanding and 
retention of concepts can be 
We had to simplify in (A) but not in (B). In (B), we used the least common increased if you explain the 
multiple of the denominators, 12, as the common denominator. That number material to someone else. 
is called the least common denominator, or LCD. As we will see in Example 6, 
we may still need to simplify when using the LCD, but it is usually easier than 
when we use a larger common denominator. 
To add when denominators are different: 
a) Find the least common multiple of the denominators. That number 
is the least common denominator, LCD. 
b) Multiply by 1, using an appropriate notation, n/n, to express each 
number in terms of the LCD. 
c) Add the numerators, keeping the same denominator. 
d) Simplify, if possible. 
3. 1 
' EXAMPLE 4 Add: ri + 3 
The LCD is 8. 4 is a factor of 8, so the LCM of 4 and 8 is 8. 
3 1 3 1 This fraction already has the LCD 
+= ~-]+--—< : 
4 8 4 8 as its denominator. 
a 3 : 2 ue 1 Think: 4 X = 8. The answer is 2, so we 
4 2 8 | multiply by 1, using 3. 
A 
6 1 7 
=—4+-=— 
8 8 8 j 
. 1 5 
. EXAMPLE 5. Add: 9 + é 
The LCD is 18. 9 = 3-3 and6 = 2- 3,so the LCM of 9 
and Gis 2-3 - 3,or18. 
Add. 
1,5 _1 5 1 2 5 3 [Think 6x (L)= 18. 2 4] 
ee ee ee ea : fe coeaee 
9 6 9 6 5 2° 6 3 The answer is 3, so we a 5 
ca —x~ | multiply by 1 using 2. 
Think: 9 X [_] = 18. 7 3.5 
The answer is 2, so we eo eaG 
multiply by 1 using 3. 
_2,8_17 
18 18 18 Answers 


F 5 29 
| Do Exercises 6 and 7. 6&5 a4 


2.3. Addition and Subtraction; Order 123 


Il Ul 
b ANGKOR = se ==, 
Bosdd 6 18 
4 IL 3 
3 Add TO 160 | 1000 
Add. 
a 2 6 
10. 
be 10 Pll le 
11, 5 7 ll 
18 24 36 
Answers 
: 5 : 413 10. 347 u 
9; 1000 210 
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_ EXAMPLE 6 Add: 2 + a 
9 18 


The LCD is 18. 9 is a factor of 18, so the LCM is 18. 
5 ll 5 2, 11 +#+210~, 11 


9°18 9 2 18 18° 18 
ee ae pee 
1 : 
a os Simplifying 
6 
Do Exercise 8. 
' EXAMPLE 7 Add: : 2 Z : 
10 100 1000 


Since 10 and 100 are factors of 1000, the LCD is 1000. Then 
1 3 7 1 100 3 10 7 


10 100 1000 10 100 100 10. 1000 


100 , 30 7 137 


~ 1000 ' 1000 1000 1000° 


Do Exercise 9. | 


When denominators are large, we most often use the prime factorization 
of each denominator to find the LCD. This is shown in Example 8. 


13 ol 8 
. EXAMPLE Add: — + — + —. 
- 2 ped 70 21 = 15 
We have 
13 ol 8 13 11 8 


7 ' 2115 7205°7'3-7'°3-5' Factoring denominators 


The LCD is 2-3.-5- 7,or210. Then 


1311, 8 13 3, 11 2-5, 8 2-7 
10° 21° 16 2-6-7 BS 327 2-5 345 2-7 


The LCM of 70, 21, and 15is 2 - 3-5-7. In each case, think of which 
factors are needed to get the LCD. Then multiply by 1 to obtain the LCD 
in each denominator. 


13-3 11:2-5 Bax? 

Deh G88 Bx Fe 8s 2x50 2 <7 
39 110 . 112 

~ 2+3-5°7. 2°3-5°7. 2-3°5°7 
261 3-3-29 


= 903-5°72°3°5°7 Factoring the numerator 


Do Exercises 10 and 11. 


Fraction Notation 


‘b) Subtraction Using Fraction Notation 


Like Denominators 
Let’s consider the difference $ — 3. 


We start with + 
4 


8 
— 
| WY 
and take away = to end up with - 
We start with 4 eighths and take away 3 eighths: 


4eighths — 3 eighths = 1 eighth, 


1 1 1 4 3 1 
Aa Oke a ree 
as 8 3 8 8 8 8B 


To subtract when denominators are the same, 


a) subtract the numerators, ” 

F 7 4 7-4 3 

b) keep the denominator, — i. i 1 
and n 


c) simplify, if possible. 


_ EXAMPLES Subtract and simplify. 


32 25 32-25 7 Subtract and simplify. 
i272 «#2 12 yw, £3 
i Cae ee 2 es 

10 10 10 10 5-2 52 5 tie 
a Bo 8H 6 28 2 22 2 Sie Ts 

9 9 9 9 3:3 33 8 3 


8 
Do Exercises 12-14. “10 10 


Different Denominators 


The procedure for subtraction with different denominators is similar to the 
procedure for addition. 


To subtract when denominators are different: 

a) Find the least common multiple of the denominators. That number 
is the least common denominator, LCD. 

b) Multiply by 1, using an appropriate notation, n/n, to express each 
number in terms of the LCD. 

c) Subtract the numerators, keeping the same denominator. 


d) Simplify, if possible. 


Answers 
i ae? aa 
2 8 2 
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5 7 
EXAMPLE 12 t—--— 
Subtrac ep 


Since 12 is a multiple of 6, the LCM of 6 and 12 is 12. The LCD is 12. 


Think: 6 X = 12. The answer is 2, 
° . z. 
5 7 5 2 7 so we multiply by 1, using 5. 


12 12 12 12 


meee 3 : a 1 
Subtract. 3-4 34 4 
5 1 4 3 
le: 6 9 YS 5 10 Do Exercises 15 and 16. J 
: Lz 4 
. EXAMPLE 13 Subtract: — — —. 
24 15 
We have 
17 4 17 4 esas eat 
= : ‘actoring denominators 
6. 1e F.05909 Fas a err eae 
The LCD is 2 - 2-2:-3-5,or120. Then 
17 4 17 5 4 eee? 
24 15 2°2:°2°3 5 3°5 a 
The LCM of 24 and 15 is 2 - 2- 2-3-5. Ineachcase, we multiply by 1 
to obtain the LCD. 
Lis 4-2-2:-2 
 2+2-2-3-5 3-5-2-2-2 
85 32 53 
120 120 120 
il 5} 
aya cub act 28 «16 Do Exercise 17. 
18. Use < or > for |_| to writea c ) Order 


true sentence: : 4: 3 4 
We see from this figure that = is greater than =, 5 aaa | 
and ? is less than ¢. That is, > 3, and? < 4. 


oln 


||| OT A To determine which of two numbers is greater when there is a common 
denominator, compare the numerators: 


19. Use < or > for to write a 


true sentence: = $, 1; . > = 
5 5 5 5 
758 
10 10° 
Do Exercises 18 and 19. 
Answers 
i. i634 17.9 18. < 19> 
18 2 112 


126 CHAPTER 2. Fraction Notation 


When denominators are different, we cannot compare numerators until 
we multiply by 1 to make the denominators the same. 
. EXAMPLE 14 Use < or > for [_] to write a true sentence: 
2 3 


5 4 
The LCD is 20. We have 


2 4 4 

5 4) a We multiply by 1 using Pl to get the LCD. 
3.5 15 

45° 20° We multiply by 1 using ; to get the LCD. 


Now that the denominators are the same, 20, we can compare the numerators. 
Since 8 < 15, it follows that 3 < }?, so 


2 3 

= 2, 

5 4 I 
| EXAMPLE 15. Use < or > for [_] to write a true sentence: 


9 5 89 
10 100° 


The LCD is 100. We write ;5 with a denominator of 100 to make the 
denominators the same. 


Use < or > for to write a true 


y sentence: 
9 1 90 


. 10 2 5) 
a i eS We Itipl = he LCD. a = 
10 16 100 emu iply by 75 to get the C 20. | ; 
Since 90 > 89, it follows that ;\, > *, so ee 
9 89 21. i DD 
— => ——, 
10 100 h 
2 
(Do Exercises 20-22. Gime 
(d) Solving Equations 
Now let’s solve equations of the form x + a = bora + x = b, where aand b 
may be fractions. Proceeding as we have before, we subtract a on both sides 
of the equation. 
. 1 3 
_ EXAMPLE 16 Solve: x + ri = 5 Solve. 
5) 
Sh 66 = = = 
1 lL 3 1 
x4 rae oan ee Subtracting + on both sides aac 
Lj ae The LCD is 20. We multiply by 1 Baye wee 
* “5 4 45 to get the LCD. 5 8 
palo 
— 20 20° 20 } 
Answers 


[Do Exercises 23 and 24. 20n ee Bln AAs ed ek 
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For Extra Help 


mari, TE & S 
MyMathLab |) Eck ue tes en 


eee ree ame 5 ic? 

8 8 10 10 3° 6 
ae ded as ae 
n.2 +5 12, 4 7 13, +5 M+ 15.2 +2 
16. > + 2 17. + 18. 5+ 19. + 5 20. +5 
25.5 + 5 26. 2+ = 27. + 28. + 
29, 2 + 4s 30.542 += ee gee 
® statis tata 474% 0 542547 


128 CHAPTER 2 Fraction Notation 


Copyright © 2012 Pearson Education, Inc. 


b Subtract and simplify. 


37,2-+ ig 2 a es ee es ae 
“6 6 “8 8 “12 «#12 “18 18 “4 8 “3 9 
1 1 1 1 4 5 7 1 3 83 2 92 
43, — — — 44,——-—— 45.——-— 46. — — — 47, —- — 48. = — — 
8 12 6 8 3 6 8 16 4 28 5 15 
rn g.252 51 a es ee py eae 
“4 20 “6 2 “4 20 “4A 16 “42 15 “10 16 
6 7 9 3 7 3 18 «4 99 9 78 «ll 
55. — — —— 56. — — — 57. - 58. — — — 59. —— -— — 60. —— — — 
10 100 10 100 15 25 25. 35 100 10 100 20 
2 1 3 #1 3 #1 5 2 5 83 7 2 
Paes si 0 ore ee 7, 23 _ 12 72, 89 _ 53. 
“8 16 “12 16 “25 15 “18 24 “25 150 “90 120 
Cc Use < or > for [_] to write a true sentence. 
5 6 7 5 1 1 1 1 5 
73.—[ |= 74, —([ |= 75. [|] =— 76. —[_] = 7.-Ll= 
8 8 9 U 9 3 4 8 LI 6 t 7 
3 4 4 5 3 7 19 4 5 
78. —~L] = 79. -L]= 80. — L] — 81. — L]— 82. — LJ — 
5 7 5 U 6 2 5 20 5 6 
19 9 11 31 41 12 132 
83. — L] — 84. — LJ — 85. — L] — 86. — L] — 
20 10 4 U 15 21 13 v4 49 


2.3 Addition and Subtraction; Order 129 


1 41 9 ll 
wxtms— toe 
BS an ag ae Maal 
racer ee ee 
Ps ae Sa 


Skill Maintenance 


93. Honey Production. n 2007, 154,907,000 lb of honey 94. 
were produced in the United States. The two states with 
the greatest honey production were North Dakota and 
California. North Dakota produced 25,900,000 lb of 
honey, and California produced 19,760,000 lb. How 
many more pounds of honey were produced in North 
Dakota than in California? [1.5a] 


Source: www.cattlenetwork.com 


Divide, if possible. If not possible, write “not defined.” [1.3c], [2.1b] 
38 38 
95. 38 96. 0 97. 
Divide and simplify. [2.2c] 
99. : = 2 100. 2 a 2 101. 
7 ~ =A 10 25 
Synthesis 
103. As part of a rehabilitation program, an athlete must 104. 


swim and then walk a total of ;, km each day. If one 
lap in the swimming pool is 2 km, how far must the 
athlete walk after swimming 10 laps? 


Simplify. Use the rules for order of operations given in Section 1.6. 


iG 1 5 
105. — —- — x — 


ee 
8 10° 6 “5 107 


6 


Use <, >, or = for [_] to write a true sentence. 


= 37 19 — 6941 
109. 157 107 — 16,799 so 
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2\2 3\2 3 1 
= = a ee 
.(2)'+(3) 108. 5 x > ~ > 


4 
i= ps 
5 

5 9 

eS 

fee Be ig 


Crayons. The Crayola 64 box of crayons with a built-in 
sharpener celebrated its 50th birthday in 2008. Since 

1958, approximately 200 million Crayola 64 boxes have 
been sold. How many crayons in the 64 box have been sold 
altogether? [1.5a] 


Source: Crayola LCC 


124 124 
o eT 
1 1 
TS 102. — + 8 
3 4 


Mountain Climbing. A mountain climber, beginning at 
sea level, climbs ? km, descends } km, climbs } km, and 
then descends + km. At what elevation does the climber 
finish? 


oan 


67 8167 
139 7 13,289 


= 12, 
a 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. If . > a b#0,thena>c. [2.3c] 


2. The reciprocal of a f #90, is = [2.2a] 


0 
3. For any whole number 7 that is not 0, = << = [2.1b], [2.3c] 


4. To add fractions when denominators are the same, we keep the numerator and add the 
denominators. [2.3a] 


Guided Solutions 


Fill in each blank with the number that creates a correct statement or solution. 


25 8 
eo =e —— ie 
5. 1 [2.1b] 6. 5 OP 2h) ae 5 8 [2.1b] 8 7 > 50 [2.1d] 


Fill in each blank with the number that creates a correct solution. 


iit 3 
9. Subtract: 35° [2.3b] 
a a a 2 Factoring the denominators 
OS mg im 
peas ( ) é =) Multiplying by 1 to get the LCD 
2-7 oO pe : plying by 8 
See = oe Multiplying 
Foe] pe oes 
a Simplifying 


Subtracting and simplifying 


1 2, 
10. Solve: x + —~=—-. [2.3d] 


8 3 
r+o=4 
8 3 
2 ‘ ; 
oa = — El Fe Subtracting on both sides 
[] 1 
GI = ; . | me Multiplying by 1 to get the LCD 
2 SS Simplifying and multiplying 
6 = Subtracting 
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Mixed Review 


What part of each object or set of objects is shaded? [2.1a] 


" “ll = 


Simplify. [2.1b, e] 


24 220 ile 0 14 
a oye = ie 1A 
i 60 a 60 # Ie i 23 a 0 
t=7 54 36 19 315 
18. 19-17 19. 186 20. 20 21. 630 Zee 235 


Calculate and simplify. 


ie Sere: 6 1 5 
238 5 ar 5 (2.3a] 24. 6 ap 3 alg PD [2.3a] 25. b1 7 (2.2¢] 26. ie 1 [2.3b] 
27.2.8 [2.1c) 28, + [2.26] o9.2.7 poigal = 
i ate 100 10 *? 6 
19 11 By dls} 4 8 2 
Seer ew : Qt a 8 ee A 1 eo 
31 i) 0 [2.3b] 3 7+ 47 [2.3a] 33. 80 15 [2.2c] 3 65. 35 [ ] 
2, 9 iG 49 
i Pe) Oat : b SV Hs [eed 
35. Solve 51°46 [2.3d] 36. Solve oo! 5 oa [ ] 


43 2 1 
37. Arrange in order from smallest to largest: 9 10°7° and 5 


[2.3¢| 


Understanding Through Discussion and Writing 


38. Explain the role of multiplication when adding using 39. A student made the following error: E 
fraction notation with different denominators. [2.3a] 8 8 8 = 
Seat 3 

Mol 

Find at least two ways to convince him of the mistake. e 

[2.3b] 2 

ia 

40. Explain in your own words when it is possible to 41. Can fraction notation be simplified if the numerator and = 
“cancel” and when it is not possible to “cancel.” [2.le] the denominator are two different prime numbers? Why ) 

or why not? [2.le] S 

zB 

8 
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(a) Mixed Numerals 


The following figure illustrates the use of a mixed numeral. The bolt shown is 
23 in. long. The length is given as a whole-number part, 2, and a fractional 
part less than 1, 3. We can also represent the measurement of the bolt with 
fraction notation as ¥’, but the meaning or interpretation of such a symbol is 
less understandable or visual than that of mixed numeral notation. 


E DC TTTTTTTTTTTTTTETTTTTTTTTTTTTTTTTTTTT TTT TTT 


A mixed numeral 2 4 represents a sum: 


3 3 
2= 2c 
g means 8 


-— 1 


This is a whole number. This is a fraction less than 1. 


EXAMPLES Convert to a mixed numeral. 
2 2 3 3 


a +-—-= _— 24+ —=4—- 
eee 10 10 ) 


[ Do Exercises 1-3. 


The notation 2 # has a plus sign left out. To aid in understanding, we some- 
times write the missing plus sign. This is especially helpful when we convert a 
mixed numeral to fraction notation. 


EXAMPLES Convert to fraction notation. 


3 3 
3. 2 Vig 2+ a Inserting the missing plus sign 

2 3 

2242 2=2 
1 4 1 
24 3 coe : 

ae + r Finding a common denominator 
8 3 11 

=—+ — = — 
4 4 


SKILL TO REVIEW 
Objective 2.1e: Simplify fraction 
notation. 


Simplify. 


Convert to a mixed numeral. 


2 
Ve I se SS = ee 
3 


Ny e A, A ~~ a he 
i 1 il 
8) 8 
© ae bf 
th 
3 L 
2.2+-— OF 
2, 
Sh 12 ar = 
7 
Answers 
Skill to Review: 
i a 
16 S 
Margin Exercises: 
2 3 2 
1. 13 2. a 3. a 
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Convert to fraction notation. 4. 4 10 a4 al : =~ + = 


2, 1 
4. 4— Rb Os 


5 10 Do Exercises 4 and 5. 


To convert from a mixed numeral to fraction notation: 


(@) Multiply the whole number by the @-—> 3 43 
denominator: 4 - 10 = 40. @) «_10 ~ 190 <— © 
(b) Add the result to the numerator: 
40 + 3 = 43. 


(©) Keep the denominator. 


' EXAMPLES Convert to fraction notation. 
Convert to fraction notation. Use the 


faster method. 5. 62 = el) 6-3 = 18,18 + 2 = 20 
3 3 ’ 
5 il 
6. ae Ue aT ey 74 
6. 8— = — 8-9 = 72,72 + 2 = 74 
9 9 
8. 202 9 re 


3 18) Do Exercises 6-9. 


Writing Mixed Numerals 


We can find a mixed numeral for 2 as follows: 


5 3,2 ia 2 1 2 
The Student’s Solutions Manual is . : ee 2 
an excellent resource if you need In terms of objects, we can think of § as 3, or 1, plus 3, as shown below. 


additional help with an exercise 

in the exercise sets. It contains SS | + | (§s Fg 
step-by-step solutions to the 
odd-numbered exercises in each = = 3 orl +4 
exercise set. 


Fraction symbols like 3 also indicate division; ? means 5 ~ 3. Let’s divide the 
numerator by the denominator. 


Thus, 3 =] 


WIP 


To convert from fraction notation to a mixed numeral, divide. 


The divisor — 


13 2 —— The quotient 
5 5)13 | 


3 

10 25 

Answers 2 5 
3 —— The remainder 


4 22 5 61 6 29 2 37 
5 10 "6 “4 
i = 
3 13 
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| EXAMPLES Convert to a mixed numeral. 


lee Powe 


13 
13. 12— 
18 


7 = =6 
"10 10/69 10 10 
60 
9 
122 15 ] 122 | 2 
8. =15—-=15 
8  8)122 8 8 
8 Convert to a mixed numeral. 
42 7 
40 10. 3 11. 
2 ) 
. i 
Do Exercises 10-13. 6 
(b) Addition Using Mixed Numerals 
To find the sum 13 + 33, we first add the fractions. Then we add the whole 
numbers. 
5 5 
l= = 1— 
8 8 
I 1 
+ 30 = +a 
8 8 
6 6 3 
cand 4—-=4— 
8 8 4 
6 3 
| | LL Simplifying: ao 
Add the fractions. Add the whole numbers. 
Sometimes we must write the fractional parts with a common denomi- 
nator before we can add. 
EXAMPLE 9 Add: 53 + 32. Write a mixed numeral for the answer. 
The LCD is 6. 
2 2 4 
5, =——) = 5 
3 2 6 
5 5 
+ 3 =+ 8 
6 6 
9 
go ak Add. 
6 14. 3 15. 
ae 9 Oar 
_g4 11 Writings asa 10 
=o mixed numeral, 1} 1 
+ 
aa! a 
=—— : 
| Do Exercises 14 and 15. 
Answers 
1 1 1 
10.25 UW. 1s5 12. 185 
2 1 
14.7> 15. 12-5 
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’ EXAMPLE 10 Add: 102 + 73 
The LCD is 24. 
5 4 20 
10 6 : a 1074 
3 & 9 
+ eee ta 
2 2 
We sive 
24 24 
=~ Writing 37 as a mixed 
16. Add. ~ 24 numeral, 153 
3 
9— 5 
= 18— 
4 24 f 
eae 
a Do Exercise 16. 
7 N e e e 
\¢) Subtraction Using Mixed Numerals 
Subtraction is a lot like addition; we subtract the fractions and then the whole 
numbers. 
) EXAMPLE 11 Subtract: 7} — 2}. EXAMPLE 12 Subtract: 94 — 35. 
The LCD is 10. 
7 - a3 
7 , ia 
_ oe su iia 
= 7 i 5 
2 2 1 3a = 3 
= —=5- 2 §) 10 
4 2 4 55 A 
I 81 
10 
Subtract. Simplifying 
a 2 
I IO= 18. B= Subtract the Subtract the 
8 3) 
fractions. whole numbers. ) 
= = = R= 
8 Do Exercises 17 and 18. 
) EXAMPLE 13 Subtract: 74 — 2}. 
The LCD is 12. 
my. 2 
6 2 12 We cannot subtract 5 from Z. 
7s <— We borrow 1, or 4, from 7: 
2h = 2 1p 6 + ae G++ Ory. 
19. Subtract. ao 12 
il 
°S We can write this as 
oe 72_ ¢l4 
12 12 
3 3 
12 12 
Answers il ' 
16.13 17.12 18.3 19. 32 = 
12 18 
Do Exercise 19. 
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) EXAMPLE 14 Subtract: 12 - 92. 


12 = 11 12 Phe ll4 ae 
8 8 
3 3 
—- 9—-=-— Q— 
_ 8 _ 8 
2. p 
| Do Exercise 20. 


(d) Multiplication Using Mixed Numerals 


Carrying out addition and subtraction with mixed numerals is usually easier 
if the numbers are left as mixed numerals. With multiplication and division, 
however, it is easier to convert the numbers to fraction notation first. 


MULTIPLICATION USING MIXED NUMERALS 


To multiply using mixed numerals, first convert to fraction notation 
and multiply. Then convert the answer to a mixed numeral, if 
appropriate. 


' EXAMPLE 15 Multiply: 6 - 25. 


il . Bhs ; . 
eu5 6 5_6:°5_2:3:5_ 2 3 a 5 45 
2 h i T#2 2-1 2 1 1 
Converting the numbers to fraction notation first 
makes it easier to carry out the multiplication. } 
é 1 3 
. EXAMPLE 16 Multiply: 35 7T 
13 7 3 ~— 21 5 
33°47 2'4 8 78 
Here we write fraction notation. | 
Do Exercises 21 and 22. 
; 2 
) EXAMPLE 17 Multiply: 8 - a 
8 14 112 
8-4 : 37 
3 1 3 3 ) 


20. Subtract. 


Nle 


5) 
1 
= = 
aFe 
Multiply. 
1 
ils 6° B= 
8} 
Answers 


20. 32 21.20 922. ea 
3 8 
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| 


Multiply. 


1 IL 
247 3-2 


2 
(Bp 22 OS 
: oS 3 2 


LD LL 
. ao f 


25. Divide: 84 + 5a 


26. Divide: 26 + 35 


Divide. 
1 Il 1 
Mio B= = Fe a eas 
4 5 4 2 
Answers 
23. ws 24. a 25. 16 26. 73 
5 3 7 
27, i 28. at 
“8 > TO 
138 CHAPTER 2 


1 
~ EXAMPLE 18 Multiply: 2a oS 


S 


5 
1 2 9 17 1 
es ; 53 = 13 
4 5 4 5 20 20 
k 
Do Exercises 23 and 24. 


Caution! 


24-32 # 64. A common error 
is to multiply the whole numbers 
and then the fractions. This does 
not give the correct answer, 732, 
which is found by converting to 
fraction notation first. 


(@) Division Using Mixed Numerals 


The division 15 + 
that the answer is 9. 


: is shown at left. Think: “How many ,’s are in 142” We see 


When we divide using mixed numerals, we convert to fraction nota- 


tion first. 
aS 
i2 1_3,1_3 6 
2 2 1 
_ 3:6 3 3 2_3:3 2_3 3. exc 
2-1 2-1 1 2 1 


DIVISION USING MIXED NUMERALS 


To divide using mixed numerals, first write fraction notation and 
divide. Then convert the answer to a mixed numeral, if appropriate. 


) EXAMPLE 19 Divide: 32 + 33. 


1 9 | 
32+3-= : Writing fraction notation 
5 1 5 
52. 3295 2216+6 96: 2x5 1.225 10 
1 16 1-16 1-16 16 061 1 
— to multiply by the reciprocal. b 
Do Exercise 25. 
) EXAMPLE 20 Divide: 35 = 43. 
1 35 13 35 3. 105 1 
ea a Se ie” a Ts } 
Do Exercise 26. 
) EXAMPLE 21 Divide: 23 + 13. 
pa gg 74 _7:4_7 4 i fe 
3° 4 3'°4 37 3:7 «7 3 3 3 
) 
) EXAMPLE 22 Divide: 13 + 3}. 
3.41 8.10 _8 32 B«3 2:4-3 2 4-3 12 
5 ~3 5 3 5 10 5:10 5:2-5 2 5:5 25 
] 
Do Exercises 27 and 28. 


Fraction Notation 


For Extra Help 


ROM MyMathaby BO 2 


PRACTICE WATCH DOWNLOAD 


1. Greenhouse Dimensions. A community college horti- 2. A quilt design requires three different fabrics. The quilter 
culture department builds a greenhouse that measures determines that she needs ue yd of a dominant fabric, 


324 ft x 202 ft x 113 ft. Convert 323, 202, and 11? to 1? yd of a contrasting fabric, and ? yd of a border 


fraction notation. fabric. Convert 17, +?, and } to mixed numerals. 


Convert to fraction notation. 


5 4 3 7 3 1 
~1l= . 30= . 12— .5— 25> 8. 33 — 
aon 8 = ae 7 4 e2 10 ¢ 100 3 
Convert to a mixed numeral. 
27 50 53 39 57 223 
ore ae ; 13. 14, —— 
9 6 10 8 11 7 12 8 3 10 4 
(b) Add. Write a mixed numeral for the answer. 
15. 20 16. 37 7.12412 18, 41452 
3 3 9 
£32 a= 
4 3 
3 3 2 1 
= i = 21. = 22. = 
19. 87 20. 45 35 93 
5 5 7 7 
= + 6— + 8— + 3— 
+5 6 6 2 8 10 2 10 
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3 5 4 5 
23 5— 24 = 25 12 — 26 15— 
8 8 5 8 
+ 10> % 42 ~ ge ~ ae 
6 10 4 
5 1 
27 14 8 28. 16— 29 rn 30 45— 
1 2 
a SG + 15— 9- 31= 
4 3 
+ 102 + 12— 
4 $< 
Cc Subtract. Write a mixed numeral for the answer. 
1 1 
31. 4— 32. 5— 33. ge _ oi 34. 72 - 6 
5 8 5 2 3 2 
3 
5 __ 8 
1 5 
35. 34— 36. 232 37. 21 38. 42 
3 16 
5 3 — B= — 3. 
= 12 = 16. = 4 : 
8 4 — —— 
1 il 
39. 34 40. 23 41. 21— 42. 42 — 
6 10 
a 182 _ 19° 3 4 
8 4 = 13 — 23—- 
4 12 
43 ie 44 2g 45 254 46. 23 = 
° 8 ° 6 : 9 ' 16 
3 = § 5 Hf 
- = — 135 — 14— 
4 6 12 
d | Multiply. Write a mixed numeral for the answer. 
5 3 52 2,1 
BLO a SB 3 a3 5" s 50.67 °5 
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51 3 a 
“"2 "3 
7 3 
55. 4— -5— 
10 ~ 10 


1 

59. 20 + 3= 

5 

3 1 

63. 4—+ 1— 

4 3 
7:5 S4- 
10 10 


Skill Maintenance 


71. Round to the nearest hundred: 45,765. 


1 1 


52. 4—-5— 
5 4 
3 v4 
56. 6— - 5— 
aT 10 


e ) Divide. Write a mixed numeral for the answer. 


60. 18 = oi 
4 
4 1 
64. 5— + 2— 
5 2 
68. 4-- + 2+ 
10 10 


[1.3d] 


Determine whether the first number is divisible by the second. 


73. 9993 by 3 
77. 2335 by 10 


Synthesis 


Simplify. 


74. 9993 by 9 
78. 7764 by 6 


53. 32 a 
Be 38 
1 1 
7. 20—-10— 
5 5 07 
2 
61. 8=+7 
5 
7 2 
65.1—+1= 
8 3 
1 
69. 20— + 90 
4 


72. Round to the nearest ten: 45,765. 


[1.8a] 


75. 2345 by 9 
79. 18,888 by 8 


ae 
3 


54 52 4— 
“"“10 95 


ca2i 
ee BS 


3 
62.3— +3 

8 

3 5 
66. 4— + 2— 

8 6 
70 122 + 50 

eo te 


[1.3d] 


76. 2345 by5 
80. 18,888 by 4 
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@) 


We solve applied problems using fraction notation and mixed numerals in the 
same way that we do when using whole numbers. The five steps for problem 
solving on p. 50 should be reviewed. 


Many problems that can be solved by multiplying fractions can be 


thought of in terms of rectangular arrays. 


| EXAMPLE1 Areal estate developer owns a plot of land and plans to use 4 
of the plot for a small strip mall and parking lot. Of this, = will be needed for 
the parking lot. What part of the plot will be used for parking? 


1. 


Familiarize. We first make a drawing to help familiarize ourselves with 
the problem. The land may not be rectangular, but we can think of it as a 
rectangle. The strip mall, including the parking lot, uses 4 of the plot. 
We shade 4 as shown on the left below. The parking lot alone uses 3 of the 
part we just shaded. We shade that as shown on the right below. 


1. A resort hotel uses 3 of its extra 
land for recreational purposes. 
Of that, 5 is used for swimming 
pools. What part of the land is 
used for swimming pools? 


5. 


. Translate. We let n = the part of the plot that is used for parking. We 


are taking “two-thirds of four-fifths.” Recall from Section 1.5 that the 
word “of” corresponds to multiplication. Thus the following multiplica- 
tion sentence corresponds to the situation: 


. Solve. The number sentence tells us what to do. We multiply: 


2.4 2:4, 8 
ao. Beh: 15’ 


8 
Thus, —— = n. 
us, 75 = 7 


. Check. We can do a partial check by noting that the answer is a fraction 


less than 1, which we expect since the developer is using only part of the 
original plot of land. Thus, & is a reasonable answer. We can also check this 
in the figure above, where we see that 8 of 15 parts represent the parking lot. 


State. The parking lot takes up ¢ of the plot of land. ) 


Do Exercise 1. 
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' EXAMPLE 2 Area ofa Cornfield. The length ofa rectangular cornfield is 
+2 mi. The width is 2 mi. What is the area of the cornfield? 


1. 


Familiarize. Recall that area is length times width. We let A = the area 
of the cornfield. 


. Translate. Then we translate: 


Area is Length times Width 
v4 eo a a 
A = = 


ot x . 
16 8 


. Solve. The sentence tells us what to do. We multiply: 


15 5 _ 15°5 75 
16 8 16-8 128 


A 


. Check. We check by repeating the calculation. This is left to the student. 
. State. The area is ;; square mile (mi’). : 


Do Exercise 2. 


. EXAMPLE 3° Landscaping. Celina’s Landscaping uses Z lb of peat moss 
when planting a rosebush. How much will be needed to plant 21 rosebushes? 


1. 


Familiarize. We first make a drawing or at least visualize the situation. 
We let n = the number of pounds of peat moss needed. 


* * # ¥ ae 21 rosebushes 
XX ; wi 
“Ye 


é pound of peat moss for each rosebush 


. Translate. The problem translates to the following equation: 


2 
n=21:-— 
3 


. Solve. To solve the equation, we carry out the multiplication: 


a oy 8 Sao 
3.1 3 13 
ee eee See: 
i-3 3 i 


n=21- Multiplying 


= 14. 


. Check. We check by repeating the calculation. (This is left to the stu- 


dent.) We can also ask if the answer seems reasonable. We are putting less 
than a pound of peat moss on each bush, so the answer should be less 
than 21. Since 14 is less than 21, we have a partial check. The number 14 
checks. 


. State. Celina’s Landscaping will need 14 lb of peat moss to plant 21 


rosebushes. ) 


Do Exercise 3. 


| at 
IRS 


ao 


SPA on, 


i 


2. Area of aCeramic Tile. The 
length of a rectangular ceramic 
tile on an inlaid ceramic counter 
is § ft. The width is § ft. What is 
the area of one tile? 


3. Truffles. Chocolate Delight 
sells ?-Ib boxes of truffles. How 
many pounds of truffles will be 
needed to fill 85 boxes? 


Answers 


2. 2 3. 68 1b 
81 
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' EXAMPLE 4 _ Doses of an Antibiotic. How many doses, each containing 
? milliliters (mL), can be obtained from a bottle of a children’s antibiotic that 
contains 60 mL? 


1. Familiarize. We are asking the question “How many ¥’s are in 60?” 
Repeated addition will apply here. We make a drawing. We let n = the 
number of doses in all. 


Be milliliter in each dose 


X ———SS_ 


n doses in all 


2. Translate. The equation that corresponds to the situation is 


15 
OO Se 


4, Each loop ina spring uses 2! in. 3. Solve. We solve the equation by carrying out the division: 


of wire. How many loops can be [— 4 
made from 210 in. of wire? 15 4 60 4 


ge ES 


60-4 4-15-4 15 4-4 
1-15 1-15 I'S: 1 
=1-16= 16. 


4. Check. We check by multiplying the number of doses by the size of the 
1 
dose: 16 - = = 60. The answer checks. 


5. State. There are 16 doses in a 60-mL bottle of the antibiotic. ) 
Do Exercise 4. | 


|! EXAMPLE 5. Brick Walkway. Logan’s Landscape specializes in brick and 
stone walkways. After they complete 63 ft of a brick walkway between two 
buildings on campus, 5 of the walkway is complete. What is the total length of 
this walkway? 


1. Familiarize. We ask: “63 ft is iH of what length?” We make a drawing or at 
least visualize the problem. We let w = the length of the walkway. 


Answer 
4. 80 loops 
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2. Translate. We translate to an equation: 


Total Amount 
Fraction length already 
completed of ofwalkway is completed 


ares 


3. Solve. We divide by { on both sides and carry out the division: 5. Sales Trip. John Penna sells 
soybean seeds to seed com- 
panies. After he had driven 

7 63 8 63:8 7:9°8 7 9:8 210 mi, 2 of his sales trip was 

: . = 72. completed. How long was the 
total trip? 


w = 63 = 


S$ 1 7 127 icy > i 
4. Check. We determine whether { of 72 is 63: 


7 29 7:72 = 7°8:9 =8 7:9 
8 8-1 8-1 8 1 


= 63. 


The answer, 72, checks. 
5. State. The total length of the walkway is 72 ft. ) 


Do Exercise 5. 


| EXAMPLE 6 Subflooring. A contractor requires his subcontractors to 
use two layers of subflooring under a ceramic tile floor. First, the subcontrac- 
tors install a 3-in. layer of oriented strand board (OSB). Then a 5-in. sheet of 
cement board is mortared to the OSB. The mortar is j-in. thick. What is the 
total thickness of the two installed subfloors? 


1. Familiarize. We first make a drawing. We let T = the total thickness of 
the subfloors. 


STUDY RESOURCES 


The new mathematical skills and 
concepts presented in class will be 
most easily learned if you begin 
your homework assignment as 
soon as possible after the lecture, 
while it is fresh in your mind. Then 
2. Translate. The problem can be translated to an equation as follows. if you have difficulty with any of 
the exercises, you have time to 


Cement Total 1 : 
OSB plus Mortar plus board is_ thickness ceieae 5 agar ms cuca sal 

such as the Student’s Solutions 

\ y y Manual. 

1 1 
4 8 2 7 z 

Answer 
5. 252 mi 
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3. Solve. To solve the equation, we carry out the addition. The LCM of the 


6. Fruit Salad. A caterer prepares denominators is 8 because 2 and 4 are factors of 8. We multiply by 1 in 
a mixed berry salad with qt of order to obtain the LCD: 
strawberries, } qt of raspberries, 
and {3 qt of blueberries. What is pe ee et 
the total amount of berries in ~4'°g8°2 42'8'°24 81°88. 8° 
the salad? 


4. Check. We check by repeating the calculation. We also note that the 
sum should be larger than any of the individual measurements, which it 
is. This tells us that the answer is reasonable. 


5. State. The total thickness of the installed subfloors is 4 in. 


Do Exercise 6. 


EXAMPLE 7 Fraction of the Moon Illuminated. From anywhere on 
Earth, the moon appears to be a circular disk. At midnight on July 11, 2008 
(Eastern Daylight Time), 2 of the moon appeared illuminated. By July 22, 
2008, the illuminated portion had increased to ah How much more of the 
moon appeared illuminated on July 22 than on July 11? 

Source: Astronomical Applications Department, U.S. Naval Observatory, Washington DC 20392 


1. Familiarize. We let m = the additional part of the moon that appeared 
illuminated. 


2. Translate. We translate to an equation: 
Amount Additional Amount 


illuminated on amount illuminated 
July 11,2008 plus illuminated is on July 22, 2008 


4 


<< 


17 
20° 


3 
5 


3. Solve. To solve the equation, we subtract ? on both sides: 


3 17 
=> in =— 
5 20 
3 17 
+m — : Subtracting : on both sides 
5 5 20 5 o 
Handi 17 3 4 The LCD is 20. We multiply by 1 
eee ; to obtain the LCD. 
7. Fraction of the Moon a ot oe ee 
Illuminated. At midnight on ae 1712 5 s'il _ 3 1_1 
April 18, 2008 (Eastern Daylight 20 20 20 5:4 54 4 
Time), z of the moon appeared 
illuminated. By April 27, 2008, 4. Check. To check, we add: 
the illuminated part had 3.1 34,15 12 5 17 


decreased to 38. How much b= - : 

less of the moon appeared illu- 5 4 54 45 20 20 20 

eae on April 27 than on 5. State. On July 22,4 more of the moon was illuminated than on July 11. 
pril 18? 

Source: Astronomical Applications 

Department, U.S. Naval Observatory, 


Washington DC 20392 Do Exercise 7. J 
Answers 
31 31 
6 6% * Too 
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' EXAMPLE 8 Widening a Driveway. Sherry and Woody are widening 
their existing 17} -ft driveway by adding 57, ft on one side. What is the width 
of the new driveway? 

1. Familiarize. We let w = the width of the new driveway. 
2. Translate. We translate as follows: 


Width of Width of 
existing Width of new 
driveway + addition = driveway 
1 9 
as + ——=. = 
Mf i 5 10 Ww 
3. Solve. The translation tells us what to do. We add. 
The LCD is 20. 
1 I & 5 
W— = Wafs= 17 — 
4 AL 5) 20 
9 @ 2 18 
~ =4 - [= + 
10 1@ 2 ° 20 
2 
22 = = 23 a 
20 20 


Thus, w = 233. 
4. Check. We check by repeating the calculation. We also note that the 
answer is larger than either of the widths, which means that the answer 


is reasonable. 8. Travel Distance. Ona two-day 
,; . 7 , business trip, Paul drove 2135 mi 
5. State. The width of the new driveway is 2335 ft. y the first day and 107° mi the 


second day. What was the total 


Do Exercise 8. distance that Paul drove? 


' EXAMPLE 9 Communication Cable. Perfection Cable has two crews 
who install Internet communication cable. Crew A can install 383 ft per hour. 
Crew B can install 31 ft per hour. How many fewer feet can Crew B install per 
hour than Crew A? 


1. Familiarize. The phrase “how many fewer” indicates subtraction. We TIME MANAGEMENT 
let c = the difference in the numbers of feet per hour. Keep on Schedule. Your course 
2. Translate. We translate as follows: syllabus provides a plan for the 


semester's schedule. Use a write-on 


Crew A: Crew B: Difference in calendar, daily planner, laptop com- 


ft/hr —  ft/hr = ft/hr 


puter, or personal digital assistant to 
| | ) outline your time for the semester. 
1 2 


Be sure to note deadlines involving 


38 3 31 _ c. projects and exams so that you can 
begin a task early, breaking it down 
3. Solve. To solve the equation, we carry out the subtraction. The into small segments that can be 
LCD = 24. accomplished easily. 
1 1 3 3 27 
385 = oa 3854 3754 
2 2 & 16 16 
1-= leas 1— = 1 
: 3 ’ 3 8 : 24 : 24 
ga Answer 
24 8. 3215 mi 
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9. Nail Length. A 30d nail is 4 5 in. 
long. A 5d nail is 1} in. long. 
How much longer is the 30d nail 
than the 5d nail? (The “d” stands 
for “penny,” which was used 
years ago in England to specify 
the number of pennies needed 
to buy 100 nails. Today, “penny” 
is used only to indicate the 
length of the nail.) 


Source: Pocket Ref, 2nd ed., by Thomas J. 
Glover, p. 280, Sequoia Publishing, Inc., 
Littleton, CO 


k 


fo 
ee 


Answer 


8 2 tn 
. 27 in. 
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i 


4. Check. To check, we add the difference, 634, to Crew B’s rate: 


gpl og ag 
3° 24 ~ 24° 24 
372! = 38 = 38 
24 24 
This checks. 


5. State. Crew B installs 6H fewer feet of cable per hour than Crew A. 


Do Exercise 9. 


EXAMPLE 10 [Fly Fishing. Henry is putting together a fly fishing line and 
uses 58> ft of slow-sinking fly line and 83 ft of leader line. The leader line pro- 
vides a low visibility link between the heavier fly line and the fly. He uses 2 ft 
of the slow-sinking fly line to connect the two lines. The knot used to connect 
the fly to the leader line uses } ft of the leader line. How long is the finished fly 
fishing line? 


1. Familiarize. Let’s make a drawing to organize the given information. 
We let / = the length of the finished fly fishing line, in feet. 


Slow-sinking line: 58 3 ft = 


—Fly mah Caoal 
Leader line: 85 ft k ft for the knot 


2. Translate. From the drawing, we see that the length / is the sum 
of the lengths of the two lines, 583 ftand 83 ft, minus the sum of the 
lengths, 3 ft and j ft, needed for connecting the lines and attach- 
ing the fly with a knot. Thus we have 


5 33 3 1 
l= + ae), 
(05 +87) - (5+) 


3. Solve. This is a three-step problem. 
a) We first add the two lengths 58 3 and 8 §. 


5 5 
58— = 58— 
8 8 
3 6 
+ 8-=+ 8 
_ ** 8 
11 3 
66 — = 67— 
8 8 


b) Next, we add the two lengths 2 and. 
3,8 39 31 4.9, 4.8 


= +o.-= 
8 6 8 3 6 4 24 24 24 


c) Finally, we subtract 33 from 67 3. 


3 9 33 10. Liquid Fertilizer. There is 283} gal of 
8 24 24 liquid fertilizer in a fertilizer application 
tank. After applying 1785 gal to a soybean 


BOs Fee 2 field, the farmer requests that Braden’s 
a 24 24 Farm Supply deliver an additional 250 gal. 
20 5 How many gallons of fertilizer are in the 
oA 24 oe 6 tank after the delivery? 
Thus, / = 662. 


4. Check. We can check by adding the finished length to the 
lengths needed for the connection and the knot: 


Bo. 4 al oo A 3 3 3 
$4 [= - += 67+ —=67-. 
ORE a (662 +) 67 ca 


This is the sum of the given lengths. 
5. State. The finished length of the fly line is 662 ft. ) 


| Do Exercise 10. 


{ EXAMPLE 11 Average Speed in Indianapolis 500. Arie Luyendyk won 
the Indianapolis 500 in 1990 with the highest average speed of about 
186 mph. This record high through 2008 is about 23 times the average 
speed of the first winner, Ray Harroun, in 1911. What was the average speed 
in the first Indianapolis 500? 

Source: Indianapolis Motor Speedway 


1. Familiarize. We ask the question “186 is 232 times what number?” We 
let s = the average speed in 1911. Then the average speed in 1990 was 
25 :S. 


2. Translate. The problem can be translated to an equation as follows: 


Average speed 9 12 Average speed 
in 1990 is 25 times in 1911 
186 = 2 a S 
~ 25 


Answer 


23 
10. 354 gal 
24 ® 
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3. Solve. To solve the equation, we divide on both sides. 


62 ; 12 ; ’ 
186 = 35 Ss Converting 2 25 to fraction notation 
a 
186 25 eT 62 : 
62 = 62 Dividing by 95 0 both sides 
25 25 
186 ; : 
oo Factoring and removing a factor of 1: 
= (62/25)/(62/25) = 1 
25 
25 ee ‘ 
186 - a Ss Multiplying by the reciprocal 
29 _ 2 62725 
75 = implifying: 186 - ri 
5=s Simplifying: 186 62 1&2 5 
4. Check. If the average speed in 1911 was about 75 mph, we find the 
Solve. average speed in 1990 by multiplying 75 by 23: 
11. Kyle's pickup truck travels on an 12 62 62-75 62:-25-3 
interstate highway at 65 mph for 252° 79 = 52° 75 = = = 62-3 = 186. 


33 hr. How far does it travel? ca aS ce aka 


The answer checks. 
Me: Hols winias Marci soe 5. State. The average speed in the first Indianapolis 500 was about 75 mph. 
on 1549 gal of gas. How many 


miles per gallon did it get? 
Do Exercises 11 and 12. | 


' EXAMPLE 12. Koi Pond. Colleen designed a koi fish pond for her back- 
yard. Using the dimensions shown in the diagram below, determine the area 
of Colleen’s backyard before the pond was constructed and the area of the 
yard remaining after the pond was completed. 

Sources: en.wikipedia.org; pondliner.com 


Y Ta 


iC 
3 
g 
NI 
3 
b 


APLPLEVAPLSRD RAR S RU ReREeReKEEeopENeOtEREEEEREAELrecErP rrr y 


2 


1. Familiarize. From the diagram, we know that the dimensions of the 


2 1 : : 3 
che biaithycoloid bellnamedin backyard are 40; yd by 27; yd and the dimensions of the poue are 15; yd 
Japan in the 18th century. The hobby of by 115 yd. We let B = the area of the yard before the construction, P = the 
keeping koi increased greatly after the area of the pond, and R = the area of the yard that remains after the 
plastic bag was available for safe pond is complete. 
shipping. 

Answers 


1 
il. 2275 mi 12. 20 mpg 
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2. Translate. This isa multistep problem. To find R, the area of the yard re- 
maining, we first find B, the area of the yard before construction, and P, 


the area of the pond. Then R is the area of the yard B minus the area of the LEARNING RESOURCES 


pou ON CAMPUS 
R=B-P. Your college or university probably 
8 typ 
We find each area using the formula for the area of a rectangle, A = 1 x w. eS EeSOUTRes 4 SHPPOnLyam 
3. Solve. We carry out the calculations as follows: ee 
B = length x width P = length x width Pee eye ele ee ee 
tutoring center for drop-in 
= 402 . 27 = 152 : te tutoring. 
. ° : 7 2. There many be group tutoring 
_ 122 82 _ 63 23 sessions for this specific 
3 3 4 2 course. 
10,004 5 . _ 1449 © 1 3. The math department may 
~ 9g os 9 4 yd; ~ g rl 8 sq yd. have a bulletin board or 
network for locating private 
Then tutors. 
R=B-P 4. Visit your instructor during 
5 1 office hours if you need 
= 1111 9 181 8 additional help. Also, many 
instructors welcome e-mails 
1111 = 181 z from students with questions 
7 72 72 q 
31 
= 93075 sq yd. 
4. Check. We can perform a check by repeating the calculations or we can 13. A room measures 223 ft by 
round the measurements to the nearest yard and estimate a solution. 155 ft. A 9-ft by 12-ft rug is 
Bw 41 X 27 © 1107; placed in the center of the room. 
How much floor area is not 
Pw 16 X 12 © 192; covered by the rug? 


Rw 1107 — 192 © 915sqyd 


Since 915 sq yd is close to 93035 sq yd, the answer seems reasonable. 


5. State. The area of the yard before construction of the pond was 
11112 sq yd. The area of the yard remaining after the pond was com- 
pleted was 93035 sq yd. [ 


Do Exercise 13. 


Answer 


3 
13. 2407 ft? 
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Translating 
for Success 


1. Raffle Tickets. At the Happy 
Hollow Camp Fall Festival, Rico 
and Becca, together, spent $270 
on raffle tickets that sell for $5 


6. Deli Order. Fora promotional 
open house for contractors last 
year, the Bayside Builders 
Association ordered 225 turkey 


The goal of these matching questions 
is to practice step (2), Translate, of the 


each. How many tickets did 
they buy? 


. Irrigation Pipe. Jed uses two 
pipes, one of which measures 
55 ft, to repair the irrigation 
system in the Buxtons’ lawn. 
The total length of the two pipes 
is 8; ft. How long is the other 


pipe? 


. Vacation Days. Together, 
Helmut and Claire have 

36 vacation days a year. Helmut 
has 22 vacation days per year. 
How many does Claire have? 


. Enrollment in Japanese 

Classes. Last year at the 
Lakeside Community College, 
225 students enrolled in basic 
mathematics. This number is 

4; times as many as the number 
who enrolled in Japanese. How 
many enrolled in Japanese? 


. Bicycling. Cole rode his bicycle 
53 mion Saturday and 8;5 mion 
Sunday. How far did he ride on 
the weekend? 


five-step problem-solving process. 
Translate each word problem to an 
equation and select a correct 
translation from equations A-O. 

ul 
A. 1355 


B. 


.98-24=x 


. 4° x = 270 


Answers on page A-4 


10. 


sandwiches. Due to increased 
registrations this year, 43 times 
as many sandwiches are needed. 
How many sandwiches are 
ordered? 


- Dog Ownership. In Sam’s 


community, 3 of the households 
own at least one dog. There are 
270 households. How many 

own dogs? 


. Magic Tricks. Samantha has 


98 ft of rope and needs to cut it 
into 2}-ft pieces to be used ina 
magic trick. How many pieces 
can be cut from the rope? 


. Painting. Laura needs 12 gal of 


paint to paint the ceiling of the 
exercise room and 3 gal of the 
same paint for the bathroom. 
How much paint does Laura 
need? 


Chocolate Fudge Bars. Arecipe 
for chocolate fudge bars that 
serves 16 includes 1% cups of 
sugar. How much sugar is 
needed for } of this recipe? 


; For Extra Help 
SCRE 8 mymathnal SO 2 


( a ) Solve. 

1. Extension Cords. An electrical supplier sells rolls of 2. Serving of Cheesecake. At the Cheesecake Factory, a 
SJO 14-3 cable to a company that makes extension piece of cheesecake is 4 of a cheesecake. How much of 
cords. It takes 4 ft of cable to make each cord. How the cheesecake is } piece? 
many extension cords can be made with a roll of cable Source: The Cheesecake Factory 


containing 2240 ft of cable? 


3. A pair of basketball shorts requires ? yd of nylon. How 4, How many §-cup cereal bowls can be filled from 10 cups 
many pairs of shorts can be made from 24 yd of nylon? of cornflakes? 

5. Household Budgets. A family has an annual income of 6. Household Budgets. A family has an annual income of 
$42,000. Of this, 3 is spent for food, ; for housing, ;5 for $28,140. Of this, + is spent for food, ; for housing, jy for 
clothing, ;; for savings, + for taxes, and the rest for other clothing, ;; for savings, ¢ for taxes, and the rest for other 
expenses. How much is spent for each? expenses. How much is spent for each? 

Family Income 
Housing t Food : 


Clothing + rd 
Other 
expenses 
Savings 4, . 
Taxes 4 
SOURCE: U.S. Census Bureau 
7. For a research paper, Kaitlyn spent 3 hr searching the 8. As part of a fitness program, Deb swims 5 mi every day. 

Internet on google.com and ; hr on chacha.com. How One day she had already swum : mi. How much farther 
many more hours did she spend on google.com than on should Deb swim? 


chacha.com? 
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9. Riding a Segway®. Tate rode a Segway® Personal 


Transporter ? mi to the library, then } mi to class, and 
then 3 mi to his part-time job. How far did he ride his 
Segway®? 


10. Caffeine. To cut back on their caffeine intake, Michelle 
and Gerry mix caffeinated and decaffeinated coffee beans 
before grinding for a customized mix. They mix ;3 Ib of 
decaffeinated beans with ? Ib of caffeinated beans. What 
is the total amount of coffee beans in the mixture? 


The pitch of a screw is the distance between its threads. With each complete rotation, the screw goes in or out a distance equal 


to 


13 


15. 


its pitch. Use this information to do Exercises 11 and 12. 


> Each rotation moves the screw 
4 
<= 


. = ag . . 1 : 
}Pitch = ;,in. a> in or out ;¢ in. 


ett. 
et. 
pa 
et 
et 
pa 
et 
A. 
oh. 
et 
poe 
pea 

4 


. Level of Education and Median Income. The median 
yearly income of someone with an associate's degree is 
approximately 2 of the median income of someone with 
a bachelor’s degree. If the median income for those with 
bachelor’s degrees is $72,420, what is the median 
income of those with associate's degrees? 

Source: U.S. Census Bureau 


Temperature. Fahrenheit temperature can be 
obtained from Celsius (Centigrade) temperature by 
multiplying by 14 and adding 32°. What Fahrenheit 
temperature corresponds to a Celsius temperature 
of 20°? 
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11. The pitch of a screw is jg in. How far will it go into a 
piece of oak when it is turned 10 complete rotations 
clockwise? 


12. The pitch of a screw is s in. How many complete 
rotations are necessary to drive the screw? in. into a 
piece of pine wood? 


14. Map Scaling. Onamap, 1 in. represents 240 mi. 
What distance does § in. represent? 


16. Servings of Tuna. A serving of fish steak (cross section) 
is generally } Ib. How many servings can be prepared 
from a cleaned 18 3-Ib tuna? 


Copyright © 2012 Pearson Education, Inc. 


17. 


19. 


21. 


23. 


25. 


Iced Brownies. The campus culinary arts department 
is preparing brownies for the international student 
reception. Students in the catering program iced the 
igin.(7g") butterscotch brownies with a 3}-in. (3;") layer 
16 !1.\ 16 321. \ 32 } tay! 
of icing. What is the thickness of the iced brownie? 


A tile 3 in. thick is glued to a board { in. thick. The glue is 
3 in. thick. How thick is the result? 


Weight of Water. The weight of water is 62 3 lb per 
cubic foot. What is the weight of 5 3 cubic feet of 
water? 


From a $-Ib wheel of cheese, a }-lb piece was served. 


How much cheese remained on the wheel? 


Stone Bench. Baytown Village Stone Creations is 
making a custom stone bench as shown below. The 
recommended height for the bench is 18 in. The depth 
of the stone bench is 33 in. Each of the two supporting 
legs is made up of three stacked stones. Two of the 
stones measure 3} in. and 5; in. How much must the 
third stone measure? 


18 in. 


18. 


20. 


22 


. 


24 


26. 


A baker has a dispenser containing }? cup of icing and 
puts b cup on a cinnamon roll. How much icing remains 
in the dispenser? 


A baker used $ Ib of flour for rolls, } 1b for donuts, and 4 1b 
for cookies. How much flour was used? 


Temperature. Fahrenheit temperature can be 
obtained from Celsius (Centigrade) temperature by 
multiplying by 1? and adding 32°. What Fahrenheit 
temperature corresponds to the Celsius temperature 
of boiling water, 100°? 


For a community project, an earth science class 
volunteered one hour per day for three days to join 
the state highway beautification project. The students 
collected trash along a 4-mi stretch of highway the first 
day, > mi the second day, and 5 mi the third day. How 
many miles along the highway did they clean? 


Carpentry. When cutting wood with a saw, a carpenter 
must take into account the thickness of the saw blade. 
Suppose that from a piece of wood 36 in. long, a carpen- 
ter cuts a 15 }-in. length with a saw blade that is jin. 


thick. How long is the piece that remains? 
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27. Kim Park is a computer technician. One day, she drove 28. Upholstery Fabric. Executive Car Care sells 45-in. 


180 i mi away from Los Angeles for a service call. The upholstery fabric for car restoration. Art buys gt yd 
next day, she drove 853 mi back toward Los Angeles and 102 yd for two car projects. How many yards did 
for another service call. How far was she then from Art buy? 

Los Angeles? 

29. Planting Flowers. A landscaper planted 43 flats of 30. A plumber uses two pipes, each of length 513; in., and 
impatiens, 63 flats of snapdragons, and 33 flats of phlox. one pipe of length 34#in. in the installation of a shower. 
How many flats did she plant altogether? How much pipe was used in all? 

| | 
343 in 


v 

31. Ata party, three friends, Ashley, Cole, and Lauren, shared 32. An estate was left to four children. One received i of the 
a big tub of popcorn. Within 30 min, the tub was empty. estate, the second i, and the third 3. How much did 
Ashley ate ;5 of the tub while Lauren ate only of the tub. the fourth receive? 
How much did Cole eat? 

33. Window Dimensions. The Sanchez family is replacing 34. Painting. A painter used 13 gal of paint for the Garcias’ 
a window in their lake house. The original window living room and 1 gal for their family room. How much 
measures 42 ft x 8}ft. The new window is 2} ft wider. paint was used in all? 


What are the dimensions of the new window? 
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35. Jovan has an {i-Ib mixture of cashews and peanuts that 
includes 2 lb of cashews. How many pounds of peanuts 
are in the mixture? 


37. Creative Glass sells a framed beveled mirror as shown 
below. Its dimensions are 303" wide by 362" high. What 
is the perimeter of (total distance around) the framed 
mirror? 


39. Interior Design. Sue worked 10} hr over a three-day 
period on an interior design project. If she worked 2 3 hr 
on the first day and 42 hr on the second, how many 
hours did Sue work on the third day? 


41. Find the perimeter (distance around). 


43. For a family barbecue, Cayla bought packages of ham- 
burger weighing 1 a Ib and 53 Ib. What was the total 
weight of the meat? 


36. Cutco Cutlery. The Essentials 5-piece set sold by Cutco 
contains three knives: 72" Petite Chef, 62" Petite Carver, 
and 23" Paring Knife. How much larger is the blade of the 
Petite Chef than that of the Petite Carver? than that of the 
Paring Knife? 

Source: Cutco Cutlery Corporation, Fall 2008 


38. Winterizing a Swimming Pool. To winterize their 
swimming pool, the Jablonskis are draining the water 
into a nearby field. The distance to the field is 1035 ft. 
Because their only hose measures 623 ft, they need 
to buy an additional hose. How long must the new 


hose be? 


40. Painting. Geri had 3} gal of paint. It took 2? gal to 
paint the family room. She estimated that it would take 
2 + gal to paint the living room. How much more paint 
did Geri need? 


42. Find the length d. 


44, Nicholas is 738 in. tall and his daughter, Kendra, is 
71 a in. tall. How much shorter is Kendra? 
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45. 


47. 


49. 


51. 


53. 


Weight of Water. The weight of water is 62 ; Ib per 46. Spreading Grass Seed. Emily seeds lawns for Sam’s 
cubic foot. How many cubic feet would be occupied Superior Lawn Care. When she walks at a rapid pace, the 
by 25,000 lb of water? wheel on the broadcast spreader completes 150 3 revolu- 


tions per minute. How many revolutions does the wheel 
complete in 15 min? 


Population. The population of Alabama is 64 times 48. Population. The population of Iowa is 2} times the 
that of Alaska. The population of Alabama is approx- population of Hawaii. The population of Hawaii is 
imately 4,700,000. What is the population of Alaska? approximately 1,300,000. What is the population of 
Source: U.S. Census Bureau Iowa? 
Source: U.S. Census Bureau 
Acar traveled 213 mi on 14% gal of gas. How many miles 50. Halfofa Recipe. Acaterer is following a salad dressing 
per gallon did it get? recipe that calls for 1 cups of mayonnaise and 12 cups 
of sugar. How much mayonnaise and sugar will he need 
if he prepares 5 of the amount of salad dressing? 
Sewing from a Pattern. Suppose you want to make a 52. Weight of Water. The weight of water is 8 7 Ib per 
formal dress with jacket in size 8. Using 45-in. fabric, gallon. Harry rolls his lawn with an 800-lb capacity 
you need 12 yd for the dress, 3 yd of contrasting fabric roller. Express the water capacity of the roller in 
for the band at the bottom, and 33 yd for the jacket. How gallons. 


many yards of 45-in. fabric are needed to make the outfit? 


Construction. A rectangular lot has dimensions of 54. Alyse bought + Ib of orange pekoe tea and 3 Ib of 
302 3 ft by 205 } ft. A building with dimensions of 100 ft English cinnamon tea. How many pounds of tea did 
by 255 ft is built on the lot. How much area is left over? she buy? 
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55. Population. The population of India is about 33 times 56. Population. The population of Cleveland is about 


the population of the United States. In 2007, the popula- 1} times the population of Cincinnati. In 2007, the pop- 
tion of India was approximately 1,130, 100,000. What ulation of Cincinnati was approximately 332,400. What 
was the population of the United States in 2007? was the population of Cleveland in 20072 

Source: Population Division/International Programs Center, U.S. Census Source: U.S. Census Bureau 


Bureau, U.S. Dept. of Commerce 


57. A bucket had 12 L of water in it when it was 3 full. How 58. A tank had 20 L of gasoline in it when it was 4 full. How 
much could it hold when full? much could it hold when full? 
59. Find the area of the shaded region. 60. Find the perimeter. 


61. Concrete Mix. A cubic meter of concrete mix contains 62. Punch Recipe. A recipe for strawberry punch calls for 
420 kg of cement, 150 kg of stone, and 120 kg of sand. ? qt of ginger ale and 2 qt of strawberry soda. How much 
What is the total weight of a cubic meter of the mix? liquid is needed? If the recipe is doubled, how much liquid 
What part is cement? stone? sand? Add these fractional is needed? If the recipe is halved, how much liquid is 
amounts. What is the result? needed? 

63. Mural. Cecilia hired an artist to paint a mural on the 64. Aeronautics. Most space shuttles orbit the earth once 
wall in her twin sons’ bedroom. The dimensions of the every 13 hr. How many orbits are made every 24 hr? 


mural are 63 ft by 93 ft. What is the area of the mural? 
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65. Sidewalk. A sidewalk alongside a garden at the conser- 
vatory is to be 142 yd long. Rectangular stone tiles that 
are each 1 i yd long are used to form the sidewalk. How 
many tiles are used? 


Skill Maintenance 


66. Benny uses 2 gram (g) of toothpaste each time he 
brushes his teeth. If Benny buys a 30-g tube, how many 
times will he be able to brush his teeth? 


In each of Exercises 67-74, fill in the blank with the correct term from the given list. Some of the choices may not be used and 


some may be used more than once. 


67. In the equation 420 + 60 = 7, 60 is the ; identity 
7 the , and 420 the « sel reciprocal 
divisor 
68. When denominators are the same, we say that fractions have a dividend 
denominator. [2.3a] quotient 
additions 
69. The numbers 91, 95, and 111 are examples of subtractions 
numbers. [1.7c] multiplications 
divisions 
70. The number 22,223,133 is by 9 because the sum numerator 
of its digits is by9. [1.8a] denominator 
equal 
71. When simplifying 24 + 4 + 4 x 12 — 6 + 2, doall common 
and in order from left to prime 
right before doing all and composite 
in order from left to right. [1.6c] P 
product 
divisible 
72. In the equation 2 + 3 = 5,2 and 3 are called digits 
[1.2a] 
factors 
addends 
Cc 
73. In the expression a’ we call c the » [2tal 
74. The number 0 has no . [2.2b] 


Synthesis 


75. A guitarist’s band is booked for Friday and Saturday nights at a local club. The guitarist is part of a trio on Friday and part 
of a quintet on Saturday. Thus the guitarist is paid one-third of one-half the weekend’s pay for Friday and one-fifth of 
one-half the weekend’s pay for Saturday. What fractional part of the band’s pay did the guitarist receive for the weekend’s 
work? If the band was paid $1200, how much did the guitarist receive? 


76. A post for a pier is 29 ft long. Half of the post extends 
above the water's surface and 8} ft of the post is buried 
in mud. How deep is the water at that point? 
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77. College Profile. Of students entering a college, 7 have 
completed high school and § are older than 20. If} of all 
students are left-handed, what fraction of students 
entering the college are left-handed high school gradu- 
ates over the age of 20? 
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Order of Operations; Fraction Notation 
and Mixed Numerals 


The rules for order of operations that we use with whole numbers (see 
Section 1.6) apply when we are simplifying expressions involving fraction 
notation and mixed numerals. For review, these rules are listed below. 


RULES FOR ORDER OF OPERATIONS 
- Do all calculations within parentheses before operations outside. 


. Evaluate all exponential expressions. 


. Do all multiplications and divisions in order from left to right. 


. Do all additions and subtractions in order from left to right. 


1 2 .=1°5 
EXAMPLE 1 Simplify: —-+ —+ —-—. 
f M Simplify Too 
1. 2. tS) 1d 22 Doing the division first 
+f : tS eS a ae we 
6 3 28 6 3 1 8 by multiplying by the 
reciprocal of $ 
=i 2 225 Doing the multiplications 
~ 6 3-1-8 in order from left to right 
_ il é. 22 5 Factoring in order 
6 3°1-2+2+2 to simplify 
1 5 Removing a factor of 1: 
"6° 6 es 1; simplifyin 
2 
6 ' oer 
== 1 Adding and simplifying } 


Z 


2 


2 
| EXAMPLE 2. Simplify: 3 247 
re eee eee 
3 2 31 2 
_2:3°8 
3-1 
=2+8-1l1= 
16-1 
7 2 
9 
=A4-, or > 


| Do Margin Exercises 1 and 2. 


Doing the multiplication first 
Factoring the fraction 

; 3 
Removing a factor of 1: a 1 
Completing the multiplication 


Doing the subtraction ) 


| Do Exercise 3. 


2.6 Order of Operations; Estimation 


SKILL TO REVIEW 
Objective 1.6c: Simplify expres- 
sions using the rules for order 
of operations. 

Simplify. 

1.22-3-4 

2. 6(4 + 1)? - 34 +3 


oe 
1.5 mar: 
i 33 
7 oe 0 


3 2 
3. Simplify: 7-16 + 83. 


Answers 


Skill to Review: 
1. 10 2. 123 


Margin Exercises: 
1 3 62 


2 
1. 2 2. 10 3. 203,08 3 


161 


4. Rachel has triplets. Their birth 
weights are 33 lb, 2? 1b, and 
oe Ib. What is the average weight 
of her babies? 


5. Find the average of 


3 4 
6. Find the average of A and e 


Answers 


1 
4.3-lb 5. 6. 4 
8 9 


) EXAMPLE 3 Harvesting Walnut Trees. A woodland owner decided to 
harvest five walnut trees in order to improve the growing conditions of the 
remaining trees. The logs she sold measured 7? ft, 8} ft, 83 ft, 93 ft, and 105 ft. 
What is the average length of the logs? 


Recall that to compute an average, we add the numbers and then divide 
the sum by the number of addends. (See Section 1.6.) We have 


(22g 46245 e406" (Ag 25" og) 2. ip 
8 “4 4° °8 2 8 8 8 8 8 
5 5 
18 9 177 Adding, 
is 8 4 4 simplifying, and 
5 5 5 converting 
to fraction notation 
177 1 Multiplying 
~ 45 by the reciprocal 
177 17 
= ——,or8—. 
20 20 
The average length of the logs is 8 3 ft. h 


Do Exercises 4-6. 


2 
) EXAMPLE 4. Simplify: @ = i) x 48 + (13 + *) 


inside parentheses first. 
To do so, we first multiply 
by 1 to obtain the LCD. 


7 
-( i sig) x48+ (13-244 
8 3 3 8 5 5 


2 
= (3-H) x aes (S42) 
24 24 


Completing the operations within parentheses 


) 2 Carrying out operations 


24 5 
13 4761 
oA x 48 35 Evaluating the exponential expression next 
4761 
= 26+ ee Doing the multiplication 


11 
= 26 + 190 25 Converting to a mixed numeral 


11 5411 
= 216—, or —— 


35° 25 Adding 


Answers can be given using either fraction notation or mixed numerals. 


Do Exercise 7. 
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(b) Estimation with Fraction Notation 


and Mixed Numerals 


We now estimate with fraction notation and mixed numerals. 


) EXAMPLES Estimate each of the following as 0, 5, or 1. 


— ra @ 

17 HSS HS 

A l= 
2 

A fraction is close to 0 when the numerator is small in comparison to the 

denominator. Thus, 0 is an estimate for — because 2 is small in compari- 

son to 17. Thus, _ = 0. 
ae 2 8 

23 EY > 

A fraction is close to when the denominator is about twice the numerator. 

Thus, 3 is an estimate for 55 because 2 - 11 = 22 and 22 is close to 23. 

Thus, ih a i. 

37 
i aes 

38 

A fraction is close to 1 when the numerator is nearly equal to the 

denominator. Thus, 1 is an estimate for 34 because 37 is nearly equal to 38. 

Thus, at 1; 

43 Estimate each of the following as 
8. ret GO) orl) 

3 61 
As in the preceding example, the numerator 43 is nearly equal to the 8. 59 9. 59 


denominator 41. Thus, #2 x 1, 


29 57 


Do Exercises 8-11. 10s 59 x 59 


) EXAMPLE 9 Estimate 162 + 11,4 — 4%5 by estimating each mixed nu- 
meral as a whole number or as a mixed numeral where the fractional part is }. 


We estimate each fraction as 0, 3, or 1. Then we calculate: 


i ad eps ea 
13 43 2 
ee 
3 
23 — 


Estimate each of the following by 
estimating each mixed numeral as 
a whole number or as a mixed 
numeral where the fractional part 
is } and each fraction as 0, 3, or 1. 


9 1 3) 
12 + 2 1 
: 10 2 D : 29 
13 102 (25 ul 145) 
: es 13 9 
Do Exercises 12-14. 
4 5 lize 
14.{ 10—+ 7—]) +— 
( : 5 t 2) 30 
Answers 
80 91 #10- Ii 
12. 205 13. 132 14. 37 
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2.6 Order of Operations; Estimation 


For Extra Help 


MyMathLab 


vay HG = & 


PRACTICE WATCH DOWNLOAD READ REVIEW 


2 3 2/1 2) 
+ =+8 a 
3 ar 3 € 5 
3 1/8 2 1 1 1 3 1 a 
Stee | aa .28=-5—-+ 3 6. 10= — 4— - 1= 
ce ae (2 2) eg as 5 10 2 
¢ 1 (a ee 2\? 2 .1 
7, So eee 8 —--+F- i= me zs 
8 2 10 5 3 2. (2) 3 Mi 


1,1) 5 1 1 1\7 1 
15. | oF = 4), 144-10 — 16. 2 6 22-32 
s ( 7 8 : 2 : (s 2 7 2 
: 2 7 : 1 1 
17. Find the average of 3 and 2 18. Find the average off and 5 
19. Find th ee fe 20. Find the aver fate nd 
. Find the average of =, 5, and 7. . Find the average of , 5, and 5p. 
: 1 3 ; 2 5 
21. Find the average of 3 2 and 9 ry 22. Find the average of ne and 24 e 
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23. Hiking the Appalachian Trail. Ellen camped and 
hiked for three consecutive days along a section of the 
Appalachian Trail. The distances she hiked on the three 
days were 15% mi, 20; mi, and 12/ mi. Find the average 
of these distances. 


25. Black Bear Cubs. Black bears typically have two cubs. 
In January 2007 in northern New Hampshire, a black 
bear sow gave birth to a litter of 5 cubs. This is so rare 
that Tom Sears, a wildlife photographer, spent 28 hr per 
week for six weeks watching for the perfect opportunity 
to photograph this family of six. At the time of this photo, 
an observer estimated that the cubs weighed 7 5 lb, 8 lb, 
93 Ib, 102 lb, and 113 Ib. What was the average weight of 
the cubs? 


Source: Andrew Timmins, New Hampshire Fish and Game Department, 
Northcountry News, Warren, NH; Tom Sears, photographer 


7 1 7 
33. 15 34. 16 35. 100 


24. Vertical Leaps. Eight-year-old Zachary registered verti- 
cal leaps of 123in., 13$in., 135 in., and 14 in. Find his 
average vertical leap. 


26. Acceleration. The results of a Road & Track road accel- 
eration test for five cars are given in the graph below. 
The test measures the time in seconds required to go 
from 0 mph to 60 mph. What was the average time? 


Acceleration: 0 mph to 60 mph 


Chevrolet } 
Cobalt SS 


Dodge 
Caliber SRT4 


Mini Cooper S 


Saturn 
Astra XR 


Volvo C70 


Number of seconds 


SOURCE: Road & Track, October 2008, pp.156-157 


6 11 

— 1. — ) Saree 

” 13 : 11 ‘ 13 
5 19 4 
36. 9 37 20 38. 5 


Estimate each of the following by estimating each mixed numeral as a whole number or as a mixed numeral where the fractional 


part is 5 and by estimating each fraction as 0, 5, or 1. 


7 1 
39. 2— 40. 1— 
8 3 
6 4 7 
42. 26— 43. — + — 
613 : 5 8 


5 
Al. 12— 
6 
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ane rere ee a4 41 
“8 13 9 “9 5 12 “100 10 #1000 
23 37°~=O5 1 29 12 13 5 23 35 
Bae hee Se . . . ‘ 
a8 24 39 ~=50 si “60 1073 17 a0 TA i 28 «74 
8 16 2 3 19 
. 24+ 7— . 43—— + 11— . 76— + 23—— 
51. 24 a 52 435 - li 53 1654 2355 
13 17 1 1 11 2 19 1 _18 
54, aa a5 55. 16- 25 Ti as 56. 96 ag + en 
Skill Maintenance 
Divide and simplify. [2.2c] 
4 3 3. 4 
od aaa 58.597 5 


59. Classify the given numbers as prime, composite, or neither. 


1,5, 7,9, 14, 23,43  [1.7c] 


Solve. 


61. Luncheon Servings. lan purchased 6 lb of cold cuts for 
a luncheon. If he has allowed 3 Ib per person, how many 
people did he invite to the luncheon? [2.5a] 


Synthesis 

63. # In the sum below, a and bare digits. Find a and b. 
a 1b_ 35a 
— 4+ = 
17) 23s 3391 


65. Fe Consider only the numbers 2, 3, 4, and 5. Assume 
each is placed in a blank in the following. 


=+=-=? 


What placement of the numbers in the blanks yields the 
largest sum? 
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60. Divide: 7865 + 132. [1.3c] 


62. Cholesterol. A 3-oz serving of crabmeat contains 
85 milligrams (mg) of cholesterol. A 3-0z serving of 
shrimp contains 128 mg of cholesterol. How much 
more cholesterol is in the shrimp? [1.5a] 


64. Fe Consider only the numbers 3, 4, 5, and 6. Assume 
each can be placed in a blank in the following. 


+=-[]=? 
What placement of the numbers in the blanks yields the 
largest sum? 


66. # Use a calculator to arrange the following in order from 
smallest to largest. 
3.17 13 7 15 13 19 
4’ 21’ 15’ 9’ 17’ 12’ 22 
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2 Summary and Review 


( > 
Key Terms 
fraction notation, p. 104 denominator, p. 104 mixed numeral, p. 133 
numerator, p. 104 equivalent fractions, p. 110 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. The mixed numeral 5§ can be represented by the sum 5 - 3+ %. [2.4a] 
2. All mixed numerals represent numbers larger than 1. [2.4a] 


3. IF <1,thena>b. [2.6b] 


4. The product of any two mixed numerals is greater than 1. [2.4d] 


1 11 
5. The fraction . is larger than the fraction —. [2.3c] 


Important Concepts 


Objective 2.1b Simplify fraction notation like n/n to 1, 0/n to 0, and n/1 to n. 


P. ice Exerci 
Example Simplify a ua and 2 ee eee 
ei : 1. Sim fie ae ad 
4 W_¢ O21, Pee ig ig a 
6 ; 6 : 1 


Objective 2.1d Multiply a number by 1 to find fraction notation with a specified denominator. 


2 Practice Exercise 
Example Find aname for 7 with a denominator of 63. 


: Ee : 
18 Since 7 «9 = 63, 2. Find a name for TY with a denominator of 96. 


63 


2-29 2:9 
i Ae ee we multiply by &. 


Objective 2.le Simplify fraction notation. 


1 Practice Exerci 
Example Simplify: 315 ractice Exercise 
1650 100 
. eee 3. Simplify: ——. 
Using the test for divisibility by 5, we see that both the 280 
numerator and the denominator are divisible by 5: 
315 5°63 _5 63 _ 63 
1650 5-330 5 330 330 
63 3-21 3. 21 ion 21 
330 3-110 3 110 110 =110° 


EEC“ eSCC“C;STTCSCi‘é¥X¥ 
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a 


Objective 2.2a Multiply and simplify using fraction notation. 
40 i i 
Example Multiply and simplify: 16 49° Beaches Eeenaee 
, _ 80 21 
ae ee ee 4. Multiply and simplify: oD 
16 49 16°49 2-2-2-:2:-7-7 
2.2 O22] 5 l 5: 5 
“2 B02 Bee ~ 1A 14 
Objective 2.2c Divide and simplify using fraction notation. 
9 18 i i 
Example Divide and simplify: 20 > 95° Prnciice PAPrcise 
= age 9 , 45 
@. 18. © Be. Gos | “Saaees 5. Divide and simplify: | = 77: 
20°25 20 16 20°18 2+2+5+2+3%3 
oerars, 5 4 525 
SPB Bow2 «2 8 8 
Objective 2.3a Add using fraction notation. 
5 T . s 
Example Add: 2 + —<. Practice Exercise 
24 45 19 ll 
5 7 7 5 7 6. Add: 60 oP 36° 
24° «45° «2-2-2-3 3-3-5 
__ Bee, Be 
D228 BG Seah Boo 
75, 56 131 
360 360 360 
Objective 2.3b Subtract using fraction notation. 
ih 11 Practice Exerci 
Example Subtract: — — —. Do ee 
12 +60 29 «5 
7 UW 75 U 3 ee ae ae 
12 60 12 5 #60 #60 60 
35-11 24 2-12 2 
— 60 60 5:42 5 
Objective 2.3c Use < or > with fraction notation to write a true sentence. 
Example Use < or > for to write a true sentence: Practice Exercise 
5H oD 8. Use < or > for |_| to write a true sentence: 
12 16° 3 5 
The LCD = 48. Thus we have 13 fea 
5. 4 9 3 20 27 
2 aig 3 & ag ag 
20 — 27 5 9 
Since 20 < 27, — < —and thus — < —. 
48 48 12 16 


x 
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Objective 2.3d Solve equations of the type x + a = banda + x = b, where aand b may be fractions. 


1 5 
Example Solve: x + a 


8 
ee eat 
6 8 
on oe 
oe 6 8 
53 14 
a a 
15 4 1l 
ae eT ay 


Practice Exercise 


2 9 
9. Solve: — + x = —. 
Solve 9 x 1 


Objective 2.4a Convert between mixed numerals and fraction notation. 


5 5 31 
E 1 t 2— to fracti tation: 2— = —. 
xample Conver 1g ¢0 fraction notation: 255 = 7, 


40 40 4 
Example Convert 6 to a mixed numeral: oe 45° 


Objective 2.4c Subtract using mixed numerals. 


3 4 
Example Subtract: 35 = 1-. 
3 15 55 
3-= 3 = 2 
8 40 40 
4 2 32 
= ik 
5 40 40 
23 
40 


Objective 2.4d Multiply using mixed numerals. 


3 


Th Write a mixed numeral for 


il 
Example Multiply: | -5 
the answer. 
1 3 29 53 1537 17 
5 = = 38 
4 10 4 10 40 40 


ic 


Objective 2.4e Divide using mixed numerals. 


5 1 1 F : 
Example Divide: 5 3 = 2 Ts Write a mixed numeral for 
the answer. 


Rae 2 : 
8 16 8 16 


Practice Exercises 


2 
10. Convert 83 to fraction notation. 


47 
11. Convert to a mixed numeral. 


Practice Exercise 
3 


5 
12. Subtract: 10— — 2—. 
7 4 


Practice Exercise 


13. Multiply: at cee 
. ply: 4=- 355. 


Practice Exercise 
1 


a 5 
14. Divide: 9—— + 3-. 
12 6 
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a 


Objective 2.5a Solve applied problems involving division of fractions. 


Example A rental car had 18 gal of gasoline when its gas Practice Exercise 
tank was $ full. How much could the tank hold when full? 


The equation that corresponds to the situation is 


15. A flower vase has ; cups of water in it when it is } full. 
How much can it hold when full? 


6 

—+g= 18. 
778 

We divide by § on both sides and carry out the division: 


618 7_ 18-7 


=18 + 

g 7 1 6 ist 
$6637 6 3°97 21 

“ oes Se ae. 
i-@ 6 1 1 


The rental car can hold 21 gal of gasoline. 


Objective 2.6a Simplify expressions using the rules for order of operations. 


4\2 1 01 Practice Exerci 
Example Simplify: (2) Se), non rere 
5 5 8 ee ee 2\2 
(2) l ol _ 16 7 16. Simplify: os 1; ee (2) 2 
5 5 8 25 5 68 


Objective 2.6b Estimate with fraction notation and mixed numerals. 


Example Estimate Practice Exercise 

32+ 5+63 17. Estimate 
by estimating each mixed numeral as a whole number or 19 1 8 
as a mixed numeral where the fractional part is } and by 20 8 17 
estimating each fraction as 0, a orl. 


ae ee ae 


by estimating each mixed numeral as a whole number 


by estimating each fraction as 0, 5, orl. 


Review Exercises 


1. Identify the numerator and the denominator of 3. 9 88 18 
[2.1a] "27 ” 184 "0 


What part of each object is shaded? [2.1a] 


‘TH * Mk 
* 25 * 1200 a 


Simplify. [2.1b, e] 13. 48 14. 140 15. 288 
8 490 2025 
2 ae 6 23 
* 30 * 28 * 23 
\ 


or as a mixed numeral where the fractional part is 5 and 
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4 


Si : : ae : ible. 14 
16. Simplify the fractions on this circle graph, if possible Be at 36. 180 = 3 
[2.0] 4 9 5 
Museums in the United States 
Science History 
15 38 23. 23 2°. 3 
100 100 37. 25° 35 38. 3° 2 
Add and simplify. [2.3a] 
Art 
6 3 5 
_ ie en 40. — + — 
106 a aaa 16 | 12 
100 
ae ae 1 19 7 
Multiply and simplify. [2.2a] 41. 5 % 15 " 20 42. 1000. 100. 10 
17.4: . 18 £ - 24 
. 8 “3 
Subtract and simplify. [2.3b] 
5 2 7-3 
43. — -— — 44, —— — 
19:94: 20. ©. 20 9 9 8 4 
18 5 
11 2 5h 2 
45.—-- = 46. — - — 
ee 99,2, 1 279 6 9 
i) 7 10 
Use < or > for to write atrue sentence. [2.3c] 
ag 3 14 oa, 1 2 4—5 8 11 
“a = "4°11 a7, —[)— 48. [])— 
7 9 4 11 %>7U Gg 9 — 13 
4 15 11 30 
25. —-- 26. —- = 2 3 il 1 
49. — = 0. — — 
25 16 3. a 9 15 B 5 94 95 
Find the reciprocal. [2.2b] Salve: 
4 
eS A 3 2 
at 5 ao 3 51.-—-t= 8 [22d] 52. x- 3 = 160 [2.2d] 
1 47 
29. — 30. — 2. ot il 9 
~xtl= = [2 ~-ty=— [2 
9 36 53. x 5B [2.3d] 54. 3 y 10 [2.3d] 
Divide and simplify. [2.2c] Convert to fraction notation. [2.4a] 
4 5 5 
+s —+ 1 
er Meg ig 55. 7= 56. 82 
2 8 
1 1 3 6 
ae a 1 5 
ici 6 ll eae? le 57. 4— 58. 10= 
3 7 
S 
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“ 


Convert to a mixed numeral. [2.4a] 


59. f 60. cal 
3 4 
63 

61. — 62. = 
5 


Add. Write a mixed numeral for the answer where 
appropriate. [2.4b] 


63. 52 64. 8 
5 3 
hae ae 
5 5 
5 3 
65. 55 66. 27 
tae + 5= 
6 


Subtract. Write a mixed numeral for the answer where 
appropriate. [2.4c] 


67. 12 68. 9 
2 

= 13 

= 4— 
1 

oe 70. 24 
1 

— Se, = ] nes 

655 0 


Multiply. Write a mixed numeral for the answer where 
appropriate. [2.4d] 


2 1 2 
71. 6° 2- if ts erie 
3 4 3 
ee aes 74.22.24 
5 10 5 2 


Divide. Write a mixed numeral for the answer where 
appropriate. [2.4e] 


76. 22 + i 


1 
wl 2S 
" 4 5 10 


1 
i at ee 
7 4 6 


Solve. [2.5a] 


79. A road crew repaves ;5 mi of road each day. How long 
will it take the crew to repave a3-mi stretch of road? 


80. Cotton Production. In 2005-2006, the United States 
accounted for approximately ¢ of the world production 
of cotton. The total world cotton production was about 
114,000,000 metric tons. How much cotton did the 
United States produce? 


Sources: U.S. Department of Agriculture; Foreign Agricultural Service; 
World Agricultural Production, June 2007 


81. Sewing. Gloria wants to make a dress and a jacket. 
She needs 13 yd of 60-in. fabric for the dress and 
22 yd for the jacket. How many yards in all does 
Gloria need to make the outfit? 


82. What is the sum of the areas in the figure below? 


95 in-——>| 


12 in. 
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83. In the figure in Exercise 82, how much larger is the area 


of rectangle A than the area of rectangle B? 


84. Carpentry. Aboard 3 in. thick is glued to a board 
? in. thick. The glue is ;@5 in. thick. How thick is the 
result? 


85. Turkey Servings. Turkey contains 1 5 servings per 
pound. How many pounds are needed for 32 servings? 


86. After driving 600 km, the Armstrong family has completed 


2 of their vacation. How long is the total trip? 


87. Building a Ziggurat. The dimensions of all of the 
square bricks that King Nebuchadnezzar used over 
2500 yr ago to build ziggurats were 134 in. X 134 in. 
x 3}in. What is the perimeter and the area of the 
13;in. X 13}in. side? of the 13} in. x 3} in. side? 
Source: www.eartharchitecture.org 


88. Molly is making a pepper steak recipe that calls for 
= cup of green bell peppers. How much would be needed 
to make ; recipe? 3 recipes? 


89. Bernardo earns $105 for working a full day. How 
much does he receive for working + of a day? 


90. A book bag requires # yd of fabric. How many bags 
can be made from 48 yd? 


91. Paintinga Border. Katie hired an artist to paint 
a decorative border around the top of her son’s 
bedroom. The artist charges $20 per foot. The room 
measures 113 ft X 93 ft. What is Katie's cost for the 
project? 


— 8 SPS PS eS 


Sad 


ii ~~ 


a a Se e-S -  K 


x 
by 
» 
& 
*. 
inn 
< 
= 
=. 
= 
* 
7 
° 
w 
’ 


92. Cake Recipe. Awedding-cake recipe requires 12 cups 
of shortening. Being calorie-conscious, the wedding 
couple decides to reduce the shortening by 33 cups 
and replace it with prune purée. How many cups of 
shortening are used in their new recipe? 


93. Humane Society’s Pie Sale. Green River’s Humane 
Society recently hosted its annual pie and ice cream 
social. Each of the 83 pies donated was cut into 6 
pieces. At the end of the evening, 382 pieces of pie had 
been sold. How many pies were sold? How many were 
left over? Express your answers in mixed numerals. 


Summary and Review: Chapter 2 173 


a 
Simplify each expression using the rules for order of 


operations. [2.6a] 
1 1 1 


4,—+— += 
go aD 


, and [2.6a] 


wile 


i) “D, 
97. Find the average of Parl 


Estimate each of the following as 0, 3, or 1. {2.6b] 


98 = 99 = 100 = 
* 59 * 59 * 59 


Estimate by estimating each mixed numeral as a whole 
number or as a mixed numeral where the fractional part 
is 5 and by estimating each fraction as 0,5, or1.  [2.6b] 


101 6 102 102 
"8 “ "17 
103 oe 104, — 2 
“12 ~13 “15 3 

6 5 31 

105. — + — + — 

OS ll 6. 29 


4 6 25 37 
5 7 28 = 76 


1. Is the sum of two mixed numerals always a mixed 
numeral? Why or why not? = [2.4b] 


2. A student incorrectly insists that 2 = 3 is e. What 
mistake is he probably making? [2.4e] 


3. A student claims that “taking 5 of anumber is the same 
as dividing by 3.” Explain the error in this reasoning. 
[2.2c] 


107. Simplify: + = + 5%, [2.6a] 


133 3 
A. 500 B. 500 

117 5 
C. 500 D. 2 


‘mplify: 22-22 
108. Multiply and simplify: 26 90° [2.2a] 
195 1 
° 234 B. 12 
3 13 
2 Sx Die 
. 36 156 
2 
109. Solve: x + a 5. [2.3d] 
15 2 
A gi: B. 53 
10 1 
—— D. 4= 
: 3 
2 1 
110. Solve: re X= 5 [2.2d] 
A = B. 13 
“5 A 
4 13 
C. 13 D. 4 
Synthesis 


111. #In the division below, findaand b.  [2.2c] 
19 a_ 187,853 
24 b 268,224 


112. Place the numbers 3, 4, 5, and 6 in the boxes in order 
to make a true equation: [2.4b] 


= + = = 3- 
O7 34 


Understanding Through Discussion and Writing 


4. A student insists that 32 - 13 = 34. What mistake is he 
making and how should he have proceeded? [2.4d] 

5. Without performing the division, explain why 5 ~ 4 is 
a greater number than 5 + 3. [2.3cl, [2.4e] 

6. Ifa fraction’s numerator and denominator have no 
factors (other than 1) in common, can the fraction be 
simplified? Why or why not? [2.1e] 
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For Extra Help 


Test 4 S Ta F, + Pr Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
2 = es rep on DVD, in MyMath.ab))) and on You (search “BittingerDevMath” and click on “Channels”). 
1. What part is shaded? 2. Use < or > for to write a true sentence: 
6 21 
ui 2am 
Simplify. 
26 12 9 0 We 
ab = a Bb = CS Ser 
1 12 0 16 108 
Multiply and simplify. 
4 3 2 M8) ju 
8. —- 24 Gh Bo == IO, = 2 == De ee 
3 10 3.44 Ie) is} 


Find the reciprocal. 


5 1 
2 13s — 14. 1 
8 4 8 
Divide and simplify. 
1 i 2 24 28 
ey = = Glee 17. — + — 
Bf} 3 5 15} 
Add and simplify. 
1 5) 7 2 7 19 31 
18. = += 19. —+ = 20. — + 
: 2?) 2 8 3 0 10 100 1000 
Subtract and simplify. 
5 3} 5 3 17 il 
Solve. 
24 a ar = 4 25 t 2 = le 
Pees "5 10 
: 9 : : 7 
26. Convert to a mixed numeral: 5 27. Convert to fraction notation: 9-—. 


Test: Chapter 2 175 


Add, subtract, multiply, or divide. Write a mixed numeral for the answer in Exercises 28-31. 


28. 


32. 


36. 


62 29 eee) : 

5 ; 6 

4 G 

+ —= a i 

ss 8 
Carpentry. The following diagram shows a middle 


drawer support guide for a cabinet drawer. Find each of 
the following. 

a) The short length a across the top 

b) The length b across the bottom 


Attach top 
brace here 


Drawer support 


Simplify: 1 ; 


30. 


33. 


34. 


35. 


3 2 en 
— 31. 2—+1- 
643 3° 6 


Book Order. An order of books for a math course 
weighs 220 Ib. Each book weighs 23 Ib. How many books 
are in the order? 


A thermos of iced tea held 3 qt of tea when it was ? full. 
How much tea could it hold when full? 


Carpentry. In carpentry, some pieces of plywood that 
are called “3-inch” plywood are actually # in. thick. How 
much thinner is such a piece than its name indicates? 


Estimate each of the following as 0, Ss orl. 


37. 


3 93 
82 38. Ail 


Estimate each of the following by estimating each mixed numeral as a whole number or as a mixed numeral where the 


fractional part is } and by estimating each fraction as 0, 3, or 1. 


39. 


19 
Be) ee Ie 
56 751 


40. 


15 5 15 5 
AS eek 6 
oll 6 28 76 


@ 4 
41. Arectangular window measures 5m long by 5m wide. What is its area? 


A. 2B B. ee 
5 25 
Synthesis 
42. Simplify: (2) oe 
igi aa ae ag a 
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C. 


43. 


11 iu 
— m? D. — m2 
10 5) 


Rebecca walks 17 laps at her health club. Trent walks 

17 laps at his health club. If the track at Rebecca's health 
club is mi long, and the track at Trent’s is 4 mi long, 
who walks farther? How much farther? 


Copyright © 2012 Pearson Education, Inc. 


Decimal Notation, Order, 
and Rounding 


Addition and Subtraction 
Multiplication 
Division 

MID-CHAPTER REVIEW 
Converting from Fraction 
Notation to Decimal Notation 
Estimating 


Applications and Problem 
Solving 


TRANSLATING FOR SUCCESS 
SUMMARY AND REVIEW 
TEST 


Camping in national parks has declined steadily in recent years. The numbers of 
overnight camping stays in Park Service campgrounds in the National Park System 
from 2002 to 2006 were 5.8 million, 5.7 million, 5.4 million, 5.2 million, and 

5.0 million, respectively. Find the average number of stays per year during this period. 


Source: U.S. National Park Service 


This problem appears as Exercise 77 in Section 3.4. 


177 


3.1 


Given decimal notation, 
write a word name. 


b Convert between decimal 
notation and fraction 
notation. 


C_ Given a pair of numbers in 
decimal notation, tell which 
is larger. 


d Round decimal notation to 
the nearest thousandth, 
hundredth, tenth, one, ten, 
hundred, or thousand. 


SKILL TO REVIEW 
Objective 1.3d: Round to the 
nearest ten, hundred, or thousand. 


Round 4735 to the nearest: 
1. Ten. 2. Hundred. 


Answers 


Skill to Review: 
1. 4740 = 2. 4700 
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Decimal Notation, Order, and Rounding 


The set of arithmetic numbers, or nonnegative rational numbers, consists 
of the whole numbers 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and so on, and fractions like 
5, 5, 4, 14, and so on. Note that we can write the whole numbers using fraction 
notation. For example, 3 can be written as 2. We studied the use of fraction 
notation for arithmetic numbers in Chapter 2. 

In Chapter 3, we will study the use of decimal notation. The word decimal 
comes from the Latin word decima, meaning a tenth part. Although we are 
using different notation, we are still considering the nonnegative rational 
numbers. Using decimal notation, we can write 0.875 for Z for example, or 
48.97 for 48344. 


a) Decimal Notation and Word Names 


One model of the Magellan GPS navigation system sells for $249.98. The dot 
in $249.98 is called a decimal point. Since $0.98, or 98¢, is ;*, of a dollar, it fol- 
lows that 


98 
$249.98 = 249 + Too dollars. 


Also, since $0.98, or 98¢, has the same value as 
9 dimes + 8 cents 


and 1 dime is ;5 of a dollar and 1 cent is ;§5 of a dollar, we can write 


249.98 = 2-100+4-10+9-1+9- + 8- 


This is an extension of the expanded notation for whole numbers that we 
used in Chapter 1. The place values are 100, 10, 1, 7, 7g, and so on. We can see 
this on a place-value chart. The value of each place is a as large as that of the 
one to its left. 

Let’s consider decimal notation using a place-value chart to represent 
26.2922 min, the men’s 10,000-meter run record held by Kenenisa Bekele 


from Ethiopia. 


PLACE-VALUE CHART 


Hundreds 
Hundredths 
Thousandths 
Thousandths 
Hundred- 
Thousandths 


Ten- 


i 1 1 1 1 
100 10 10 100 | i000 | 10,000 | 100,000 
2 2 


The decimal notation 26.2922 means 


200+6+—4 ae : t z or Oy a 
10° 100 1000 ~~ 10,000’ 10,000° 


We read both 26.2922 and 2675 000 as 


“Twenty-six and two thousand, nine hundred twenty-two 
ten-thousandths.” 


We can also read 26.2922 as 


“Two six point two nine two two,” or “twenty-six point two nine two two.” 


To write a word name from decimal notation, 


a) write a word name for the 397.685 STUDY TIPS 


whole number (the number |____» Three hundred 
named to the left of the ninety-seven QUIZ-TEST FOLLOW-UP 
decimal point), You may have just completed a 
b) write the word “and” for 397.685 cesehuaied chapter quiz or test. Immediately 
the decimal point, and : after doing so, write out a step-by- 
ninety-seven and step solution of each question that 
you missed. Visit your instructor 
c) write a word name for the 397.685 or tutor for help with problems 
number named to the right of Three hundred that are still giving you trouble. 
the decimal point, followed by ninety-seven and When the week of the final exami- 
the place value of the last digit. six hundred nation arrives, you will be glad to 
eighty-five have the excellent study guide 
thousandths these corrected tests provide. 


! EXAMPLE 1 Birth Rate. There were 14.3 births per 1000 Americans in a 
recent year. Write a word name for 14.3. 
Source: U.S. Centers for Disease Control and Prevention 


Fourteen and three tenths 


! EXAMPLE 2. Write a word name for 410.87. 
Four hundred ten and eighty-seven hundredths ) 
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1. Life Expectancy. The life 
expectancy at birth in the 
United States is projected to 
be 79.2 yr in 2015. Write a 
word name for 79.2. 

Source: U.S. Census Bureau 


2. Olympic Swimming. 
American swimmer Michael 
Phelps won eight gold medals 
in the 2008 Summer Olympics, 
including one for the 200-m 
freestyle, which he won in the 
world record time of 1.716 min. 
Write a word name for 1.716. 


Source: beijing2008.cn 


Write a word name for each number. 
3. 245.89 


4. 34.0064 


5. 31,079.756 


Answers 


1. Seventy-nine and two tenths 

2. One and seven hundred sixteen 
thousandths 

3. Two hundred forty-five and eighty-nine 
hundredths 

4. Thirty-four and sixty-four ten-thousandths 
5. Thirty-one thousand, seventy-nine and 
seven hundred fifty-six thousandths 


' EXAMPLE 3. Indianapolis 500. In the 2009 Indianapolis 500-mile race, 
winner Helio Castroneves had a 1.9819-second margin of victory over second- 
place finisher Dan Wheldon. Write a word name for 1.9819. 

Source: Indianapolis Motor Speedway, historian Donald Davidson 


One and nine thousand, eight hundred nineteen ten-thousandths 


' EXAMPLE 4 Write a word name for 1788.045. 
One thousand, seven hundred eighty-eight and forty-five thousandths 


b 


Do Exercises 1-5. 


(b) Converting Between Decimal Notation 
~ and Fraction Notation 


Given decimal notation, we can convert to fraction notation as follows: 


o... 8 5 
875 =9 + t t 
987 = 9+ 19 * 100 * 1000 

1000, 8 100, 7 10, 5 


1000 10 100 100 10 1000 


9000 | 800 70 5 _ 9875 
1000 1000 


= + 
1000 1000 #1000 
Decimal notation = Fraction notation 


3 decimal places 3 zeros 
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To convert from decimal to fraction notation, 


a) count the number of decimal places, 4.98 
9 places 
b) move the decimal point that many 4.98. Move 
places to the right, and \A _ 2places. 
c) write the answer over a denominator 498 
with a 1 followed by that number of zeros. 100 2 zeros 


EXAMPLE 5 Write fraction notation for 0.876. Do not simplify. 


876 
0.876 0.876. 0.876 = —— 
— y 

3 places 3 zeros 


For a number like 0.876, we generally write a 0 before the decimal point 
to draw attention to the presence of the decimal point. 


EXAMPLE 6 Write fraction notation for 56.23. Do not simplify. 
2 
56.23 56.23. 56.23 = — 
\A 
2 places 2 Zeros 
EXAMPLE 7 Write fraction notation for 1.5018. Do not simplify. 
1.5018 1.5018 1.5018 = ele 
; NLA ; 10,000 
4 places 4 zeros 


Do Exercises 6-9. 


If fraction notation has a denominator that is a power of ten, such as 10, 
100, 1000, and so on, we convert to decimal notation by reversing the proce- 
dure that we used before. 


To convert from fraction notation to decimal notation when the 
denominator is 10, 100, 1000, and so on, 


679 
a) count the number of zeros, and 2 
1000 
Ww 
— 3 zeros 
b) move the decimal point that 
number of places to the left. 8.679. 
Leave off the denominator. Lal Move 3 places 
8679 
—— = 8.679 
1000 


Write fraction notation. 
6. 0.896 Ue 2a} 
8. 5.6789 9. 1.9 
Answers 
g, 896 2378 56,789 9, 19 
* 1000 * 100 * 10,000 “10 
181 


3.1 Decimal Notation, Order, and Rounding 


Write decimal notation. 


743 406 
10. 500 ann 
13, Or088 ik, 
10,000 10 
57 830 
14. 000 15. 70,000 


Write decimal notation. 


3 
16. 4— 
2 10 


71 
lg BS 
7 83700 


13 
18. 456000 


Answers 


10. 7.43 11. 0.406 12. 6.7089 
13.0.9 14. 0.057 15. 0.083 16. 4.3 
17. 283.71 = 18. 456.013 
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EXAMPLE 8 _ Write decimal notation for = 


47 47 aT 4s 
10 Ni 10 
1 1 zero 1 place 
123,067 
EXAMPLE 9 Write decimal notation for peel 

10,000 

123,067 123,067 
12.3067. = 12.3067 

10,000 KR 10,000 


t_ 4 zeros 4 places 


EXAMPLE 10 _ Write decimal notation for —2 


1000° 
is 0.013. ee = 0.013 
1000 —, 1000 
Es 3 zeros 3 places 
EXAMPLE 11 Write decimal notation for am 
100,000° 
570 570 
100,000 ae. 100,000 — aaa 


= 


5 zeros 5 places 


Note that when we write decimal notation, it is not necessary to include 


the 0 that follows the 7. 


Do Exercises 10-15. 


When denominators are numbers other than 10, 100, and so on, we will 
use another method for conversion. It will be considered in Section 3.5. 

If a mixed numeral has a fractional part with a denominator that is a 
power of ten, such as 10, 100, or 1000, and so on, we first write the mixed 
numeral as a sum of a whole number and a fraction. Then we convert to deci- 


mal notation. 


EXAMPLE 12. Write decimal notation for 23 an 


59 59 59 
2 = 23 4 =2 — = 23. 
700 to 
2 : 2 129 
EXAMPLE 13. Write decimal notation for 772 ; 
10,000 
129 129 129 

772 10,000 = 772 + 10,000 = 772 and 10,000 = 772.0129 

Do Exercises 16-18. 


‘c) Order 


To understand how to compare numbers in decimal notation, consider 0.85 
and 0.9. First note that 0.9 = 0.90 because 4 = +. Then 0.85 = & and 
0.90 = ~. Since & < %, it follows that 0.85 < 0.90. This leads us to a quick 
way to compare two numbers in decimal notation. 


COMPARING NUMBERS IN DECIMAL NOTATION 


To compare two numbers in decimal notation, start at the left and 
compare corresponding digits moving from left to right. If two digits 
differ, the number with the larger digit is the larger of the two numbers. 
To ease the comparison, extra zeros can be written to the right of the 
last decimal place. 


EXAMPLE 14 Which of 2.109 and 2.1 is larger? 


Think. 
2.109 2.109 


ae 
2.1 2.100 
Same Different; 9 > 0 


Thus, 2.109 is larger than 2.1. That is, 2.109 > 2.1. 


EXAMPLE 15 Which of 0.09 and 0.108 is larger? 


Think. 
0.09 0.090 


— 
0.108 0.108 


Same Different; 1 > 0 


Thus, 0.108 is larger than 0.09. That is, 0.108 > 0.09. 


Do Exercises 19-24. 
(d) Rounding 


Rounding is done as for whole numbers. To understand, we first consider an 
example using the number line. It might help to review Section 1.34, e. 


EXAMPLE 16 Round 0.37 to the nearest tenth. 
Here is part of anumber line. 


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
| | | | | | | | | | | 


We see that 0.37 is closer to 0.40 than to 0.30. Thus, 0.37 rounded to the near- 
est tenth is 0.4. 


Which number is larger? 
19. 2.04, 2.039 


20. 0.06, 0.008 

21. 0.5, 0.58 
22-099 99 

23. 0.8989, 0.09898 


24. 21.006, 21.05 


Answers 


19. 2.04 20. 0.06 21. 0.58 
23. 0.8989 24. 21.05 
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22. 
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1 


Round to the nearest tenth. 
25. 2.76 26. 13.85 


27. 234.448 28. 7.009 


Round to the nearest hundredth. 
29. 0.636 30. 7.834 


31. 34.675 32. 0.025 


Round to the nearest thousandth. 


33. 0.9434 34. 8.0038 
35. 43.1119 36. 37.4005 


Round 7459.3548 to the nearest: 
37. Thousandth. 


38. Hundredth. 
39. Tenth. 40. One. 


41. Ten. (Caution: “Tens” are not 
“tenths.”) 


42. Hundred. 43. Thousand. 


Answers 
25.2.8 26.139 27. 2344 28. 7.0 


29. 0.64 30. 7.83 31. 34.68 32. 0.03 


33. 0.943 34. 8.004 35. 43.112 

36. 37.401 37. 7459.355 38. 7459.35 
39. 7459.4 40. 7459 41. 7460 

42. 7500 43. 7000 
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ROUNDING DECIMAL NOTATION 


To round to a certain place: 


a) Locate the digit in that place. 
b) Consider the next digit to the right. 


c) Ifthe digit to the right is 5 or higher, round up. If the digit to the 
right is 4 or lower, round down. 


EXAMPLE 17 Round 3872.2459 to the nearest tenth. 


a) Locate the digit in the tenths . 
place, 2. Caution! 

3872.3 is not a correct answer to 

Example 17. It is incorrect to round 

b) Consider the next digit to the from the ten-thousandths digit over 
right, 4. to the tenths digit, as follows: 


3872.2459 


3872.2459 3872.246 > 3872.25 > 3872.3. 


c) Since that digit, 4, is 4 or lower, round down. 


3 8 7 2.2 <— This is the answer. 


EXAMPLE 18 Round 3872.2459 to the nearest thousandth, hundredth, 
tenth, one, ten, hundred, and thousand. 


Thousandth: 3872.246 Ten: 3870 
Hundredth: 3872.25 Hundred: 3900 
Tenth: 3872.2 Thousand: 4000 


One: 3872 


EXAMPLE 19 Round 14.8973 to the nearest hundredth. 


a) Locate the digit in the hundredths place, 9. 14.8973 


b) Consider the next digit to the right, 7. 14.8973 


c) Since that digit, 7, is 5 or higher, round up. When we make the hundredths 
digit a 10, we carry 1 to the tenths place. 

The answer is 14.90. Note that the 0 in 14.90 indicates that the answer is cor- 

rect to the nearest hundredth. 


EXAMPLE 20 Round 0.008 to the nearest tenth. 


a) Locate the digit in the tenths place, 0. 0.008 
‘i 
b) Consider the next digit to the right, 0. 0.00 8 


c) Since that digit, 0, is less than 5, round down. 


The answer is 0.0. 


Do Exercises 25-43. 


: For Extra Help a 
Exercise Set MyMathLab |)" 2. = & 


(a) Write a word name for the number in each sentence. 


1. Stock Price. Google's stock was priced at $486.34 2. Soft-Drink Consumption. The average American 
per share. consumed 51.5 gal of carbonated soft drinks in a 
Source: New York Stock Exchange recent year. 


Source: U.S. Department of Agriculture 


3. Currency Conversion. One Chinese yuan was worth 4. Currency Conversion. One U.S. dollar was worth 
about $0.146 in U.S. currency recently. 0.6714 euros recently. 
Source: Interactive Data Source: Interactive Data 

5. Game System. The Nintendo Wii game system sold 6. Cell-Phone Plan. The Sprint Talk/Message cell-phone 
for $249.89 recently. plan with unlimited anytime minutes was priced at 
Source: Best Buy $89.99 per month recently. 


Source: Sprint 


7. One gallon of paint is equal to 3.785 L of paint. 8. Water Weight. One gallon of water weighs 8.35 lb. 


Write a word name. 
9. 27.1245 10. 34.891 


(b) Write fraction notation. Do not simplify. 


11. 8.3 12. 203.6 13. 3.56 14. 0.17 


3.1. Decimal Notation, Order, and Rounding 185 


15. 


19. 


20.003 16. 


37.2 20. 


Write decimal notation. 


23. 


27. 


31. 


35. 


39. 


43. 


47. 


51. 


55. 


59. 


8 
—_= 24, 
10 
889 
— 28. 
100 
78 32 
10,000 : 
9 
2—- 36. 
10 
994 40. 
100 
Which number is larger? 
0.06, 0.58 44, 
0.0009, 0.001 48. 
4 
0.004, —— 52. 
100 
Round to the nearest tenth. 
0.11 56. 
2.7449 60. 


Round to the nearest hundredth. 


63. 


0.893 64. 


67. 0.995 68. 


1.509 


4567.2 


0.008, 0.8 


7.067, 7.054 


0.85 


4.78 


0.675 


207.9976 
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17. 


21. 


25. 


29. 


33. 


37. 3 


41. 2 


45. 


49. 


53. 


57. 


61. 


65. 


69. 


1.0008 


0.00013 


19 
100,000 


376,193 
1,000,000 


0.905, 0.91 


234.07, 235.07 


0.432, 0.4325 


0.49 


123.65 


0.6666 


0.094 


18. 


22. 


26. 


30. 


34. 


38. 4 


42. 


46. 


50. 


54. 


58. 


62. 


66. 


70. 


2.0114 


6.14057 


56,788 
100,000 


8,953,074 
1,000,000 


42.06, 42.1 


0.99999, 1 


0.8437, 0.84384 


0.5394 


36.049 


6.524 


11.4246 
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Round to the nearest thousandth. 


71. 0.3246 72. 0.6666 


75. 10.1011 76. 0.1161 


Round 809.5732 to the nearest: 
79. Hundred. 


82. Hundredth. 


Round 34.54389 to the nearest: 
85. Ten-thousandth. 


88. Tenth. 


Skill Maintenance 


91. Subtract and simplify: 24 — 172. 


Round 6172 to the nearest: [1.3d] 
93. Ten. 


Find the prime factorization. [1.7d] 


80. Tenth. 


83. One. 


86. Thousandth. 


89. One. 


[2.4c] 


94. Hundred. 


96. 2000 97. 1530 


Synthesis 


100. Arrange the following numbers in order from smallest 


to largest. 


0.99, 0.099, 1, 0.9999, 0.89999, 1.00009, 0.909, 


0.9889 


73. 17.0014 74. 123.4562 


77. 9.9989 78. 67.100602 


81. Thousandth. 


84. Ten. 


87. Hundredth. 


90. Ten. 


92. Find the LCM of 18, 27, and 54. [1.9a] 


95. Thousand. 


98. 2002 99. 4312 


101. Arrange the following numbers in order from smallest 
to largest. 


2.1, 2.109, 2.108, 2.018, 2.0119, 2.0302, 
2.000001 


Truncating. There are other methods of rounding decimal notation. To round using truncating, we drop off all decimal places 
past the rounding place, which is the same as changing all digits to the right to zeros. For example, rounding 6.78093456285102 
to the ninth decimal place, using truncating, gives us 6.780934562. Use truncating to round each of the following to the fifth 
decimal place—that is, the hundred-thousandth place. 


102. 6.78346623 103. 6.783465902 


104. 99.999999999 105. 0.030303030303 
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SKILLS TO REVIEW 
Objective 1.2a: Add whole numbers. 
Objective 1.2c: Subtract whole 
numbers. 


Add or subtract. 
1. 387 2 
+254 


4023 


1. 0.847 
0 


ee al 
One 
+31368 


Add. 
3. 0.02 + 4.3 + 0.649 


4. 0.12 + 3.006 + 0.4357 


5. 0.4591 + 0.2374 + 8.70894 


Answers 

Skills to Review: 

1.641 2. 2356 
Margin Exercises: 

1. 10.917 2. 34.198 
4. 3.5617 5. 9.40544 


3. 4.969 
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(a) Addition 


Adding with decimal notation is similar to adding whole numbers. First, we 
line up the decimal points so that we can add corresponding place-value dig- 
its. Then we add digits from the right. For example, we add the thousandths, 
then the hundredths, and so on, carrying if necessary. If desired, we can write 
extra zeros to the right of the decimal point so that the number of places is the 


same in all of the addends. 


! EXAMPLE 1 Add: 56.314 + 17.78. 


5 6 3.1 4 
Pele of 7 8 O 
5 6 3.1 4 
ce ome 7 8 
4 
5 6 3.1 4 
ee Ome 7 8 0 
9 4 

1 
5 6 3.1 4 
ae ee 7 8 O 
09 4 

1 
5 6 3.1 4 
+ 1 7 8 O 
4.09 4 

il 
5 6 3.1 4 
+ B77 7 8 O 
7 4 09 4 


Do Margin Exercises 1 and 2. } 


Lining up the decimal points in order to add 


Writing an extra zero to the right 
of the decimal point 


Adding thousandths 


Adding hundredths 


Adding tenths 


We get 10 tenths = 1 one + O tenths, 
so we carry the 1 to the ones column. 
Writing a decimal point in the answer. 


Adding ones 
We get 14 ones = 1 ten + 4ones, 
so we carry the | to the tens column. 


Adding tens ) 


! EXAMPLE 2 Add: 3.42 + 0.237 + 14.1. 


3.4 2 0 
0.237 
+ 14.100 

Piet Se 


Do Exercises 3-5. J 


Decimal Notation 


Lining up the decimal points 
and writing extra zeros 


Adding 


Now we consider the addition 3456 + 19.347. Keep in mind that any 
whole number has an “unwritten” decimal point at the right that can be fol- 
lowed by zeros. For example, 3456 can also be written 3456.000. When adding, 
we can always write in the decimal point and extra zeros if desired. 


| EXAMPLE 3 Add: 3456 + 19.347. 


1 
345 6.000 Writing in the decimal point and extra zeros 

+ 19.347 Lining up the decimal points Add. 
3475.3 47 Adding ) 6. 789 + 123.67 


| Do Exercises 6 and 7. 7. 45.78 + 2467 + 1.993 


(b) Subtraction 


Subtracting with decimal notation is similar to subtracting whole numbers. 
First, we line up the decimal points so that we can subtract corresponding 
place-value digits. Then we subtract digits from the right. For example, we 
subtract the thousandths, then the hundredths, the tenths, and so on, bor- 
rowing if necessary. 


! EXAMPLE 4 Subtract: 56.314 — 17.78. 


56.314 Lining up the decimal points in order to subtract 
— 17.780 Writing an extra 0 


56.314 
— 17.780 
4 Subtracting thousandths 
211 
56.374 Borrowing tenths to subtract hundredths 
— 17.780 


34 Subtracting hundredths 
12 


5 211 
56.21 4 Borrowing ones to subtract tenths 
— 17.780 
34 Subtracting tenths; writing a decimal point 
15 12 
48 Zl 
Z2B.3Y 4 Borrowing tens to subtract ones 
— 17.780 
8.534 Subtracting ones 
15 12 
4 8 211 
36.3 4 
= 27,080 Subtract. 
38.53 4 Subtracting tens 8. 37.428 — 26.674 
‘a, i 
Check by adding: 38.534 The answer checks because 9 0347 
+ 17.780 this is the top number in the — 0.008 
56.314 subtraction. 
i 
. Answers 
Do Exercises 8 and 9. 6. 912.67 7. 2514.773 8. 10.754 
9. 0.339 
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Subtract. 
U0, e2svls = (0.7 


11. 0.9564 — 0.4392 


12. 7.37 — 0.00008 


Subtract. 
We 2 = (eye 7ks} 


14. 5 — 0.0089 


Answers 


10. 0.5345 = 11. 0.5172 
13. 1194.22 14. 4.9911 
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12. 7.36992 


Decimal Notation 


EXAMPLE 5 Subtract: 13.07 — 9.205. 


12 
Z 10 6 10 


L207 
= 9.2.0 5 
3.8 6 9 Subtracting 


Writing an extra zero 


EXAMPLE 6_ Subtract: 23.08 — 5.0053. 


Ts 7% 910 


232.0 80 9 Writing two extra zeros 
- 5.0053 
1g.07 47 Subtracting 


Check by adding: 


1 oe 
18.0747 
+ 5.0053 
23.0800 


Do Exercises 10-12. 


When subtraction involves a whole number, again keep in mind that 
there is an “unwritten” decimal point that can be written in if desired. Extra 
zeros can also be written in to the right of the decimal point. 


EXAMPLE 7 Subtract: 456 — 2.467. 
5 9 9 10 

45600 @ 

- 2.46 7 
453.533 


Writing in the decimal point and extra zeros 


Subtracting 


Do Exercises 13 and 14. J 


Calculator Corner 


Addition and Subtraction with Decimal Notation To 
use a calculator to add and subtract with decimal notation, we use the | - |, | + [=I 


and |=] keys. To find 47.046 — 28.193, for example, we press| 4|[7][- | [0][ 4] 


6]/—l|]2]}/s]]-]jalfo]ts [=]. The display reads 18.853 |, SO 


47.046 — 28.193 = 18.853. 


Exercises: 


Use a calculator to add. Use a calculator to subtract. 


1. 274.159 5. 92 
+ 43.486 — 48 
2. 19.805 6. 52.34 
+ 486.748 — 18.51 
3. 1.7 + 14.56 + 0.89 7. 489 — 34.26 
4.3.4 + 45 + 0.68 8. 6.09 — 5.1 
X ) 


(c) Solving Equations 


Now let’s solve equations x + a = banda + x = b, where a and b may be in 
decimal notation. Proceeding as we have before, we subtract a on both sides. 


! EXAMPLE 8 Solve: x + 28.89 = 74.567. 


We have 
x + 28.89 — 28.89 = 74.567 — 28.89 Subtracting 28.89 on both sides 
= 45.677. 13 14 
6 2B A 16 

14ABBT7 

—2 8.890 

45.677 
The solution is 45.677. ! 


| EXAMPLE 9 Solve: 0.8879 + y = 9.0026. 


We have 
0.8879 + y — 0.8879 = 9.0026 — 0.8879 Subtracting 0.8879 on both sides 
y = 8.1147. ll 
899 7 16 
980 2 & 
— 0.8879 

8.1147 Salues 

The solution is 8.1147. [ 15. x + 17.78 = 56.314 


| Do Exercises 15 and 16. 16. 8.906 + tf = 23.07 


! EXAMPLE 10 Solve: 120 + x = 4380.6. 


We have 
120 + x — 120 = 4380.6 — 120 Subtracting 120 on both sides 
x = 4260.6. 4380.6 
— 120.0 
4260.6 
The solution is 4260.6. ) 
Do Exercise 17. 17. Solve: 241 + y = 2374.5. 


(d) Balancing a Checkbook 


Let’s use addition and subtraction with decimals to balance a checkbook. 


| EXAMPLE 11 Find the errors, if any, in the balances in this checkbook. 


RECORD ALL CHARGES OR CREDITS THAT AFFECT YOUR ACCOUNT 


BALANCE 


HECK | TRANSACTION DESCRIPTION ee BEST) EERERD 
ee 8707 72 
8410| 43.2 | Burch Laundry 23)5 §744 |1@ 
§419| 433 Rogers Bakery LO\49 87 04| ©5 
BALZO Deposit 8500|  8848| @5 
§A21| 434 Galaxy Vidéo 48 \0 8S8O1| 05 
§/\2.2| 435 | Benson's Garage 267|95 §533| OF Answers 


15. 38.534 16. 14.164 =-17. 2133.5 
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18. Find the errors, if any, in this 
checkbook. 


BALANCE 
FORWARD 


3078 92 
LUNG 2S 


+) 
DEPOSIT/ 
CREDIT 


PAYMENT/ 
DEBIT 


RECORD ALL CHARGES OR CREDITS THAT AFFECT YOUR ACCOUNT 


TRANSACTION DESCRIPTION 


CHECK 
NUMBER 


DATE 


20 


Answer 


2057 C@ 
2877 |B2 
AS 2G |e 
2808 90 
2706 |§ 3 


2097 45 
249745 


23018 
396 


340\07 
78\5 
4810 


Appliances 
wyeheck> 
S Restaurant 


CA 


Deposit <Pa 


rn 
Deposit. <Molly>s 


Chile’ 


Ng Post 


12v3| 889 | Mare 
12410) 892 | Frontier Tr 


12/1\ 888 | HH. 
GL AVD) 
12/@| 8970 


12V8 


12/14) 893 | Goody's Music 


There are two ways to determine whether there are errors. We assume 
that the amount $8767.73 in the “Balance forward” column is correct. If we 
can determine that the ending balance is correct, we have some assurance 
that the checkbook is correct. But two errors could offset each other to give us 
that balance. 


METHOD 1 


a) We add the debits: 23.56 + 20.49 + 48.60 + 267.95 = 360.60. 
b) We add the deposits/credits. In this case, there is only one deposit, 85.00. 
c) We add the total of the deposits to the balance brought forward: 


8767.73 + 85.00 = 8852.73. 
d) We subtract the total of the debits: 8852.73 — 360.60 = 8492.13. 
The result should be the ending balance, 8533.09. We see that 8492.13 4 
8533.09. Since the numbers are not equal, we proceed to method 2. 
METHOD 2 We successively add or subtract deposit/credits and debits, and 
check the result in the “Balance forward” column. 

8767.73 — 23.56 = 8744.17. 


We have found our first error. The subtraction was incorrect. We correct it and 
continue, using 8744.17 as the corrected balance forward: 


8744.17 — 20.49 = 8723.68. 


It looks as though 20.49 was added instead of subtracted. Actually, we would 
have to correct this line even if it had been subtracted, because the error of 1¢ 
in the first step has been carried through successive calculations. We correct 
that balance line and continue, using 8723.68 as the balance and adding the 
deposit 85.00: 


8723.68 + 85.00 = 8808.68. 

We make the correction and continue subtracting the last two debits: 
8808.68 — 48.60 = 8760.08. 

Then 
8760.08 — 267.95 = 8492.13. 


The corrected checkbook is below. 


RECORD ALL CHARGES OR CREDITS THAT AFFECT YOUR ACCOUNT 


BALANCE 
FORWARD 


87@7 72 


(+) 
DEPOSIT/ 
CREDIT 


TRANSACTION DESCRIPTION 


Burth Laundry 8744.17 


8723.08 


Rogers Batery 


Deposit §8 OS 08 


Galaxy Vidéo 8700.08 


BENSON'S Garage 849.213 


18. The “Balance forward” column should read: 


$3078.92 
2738.23 
2659.67 
2890.47 
2877.33 
2829.33 
2868.91 
2766.04 
2697.45 
2597.45 
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CHAPTER 3 


Decimal Notation 


Do Exercise 18. 


There are other ways in which errors can be made in checkbooks, such as 
forgetting to record a transaction or writing the amounts incorrectly, but we 
will not consider those here. 


3.2 


Exercise Set 


For Extra Help 


MyMathLab\) 20! =. 


vay, [A & @ 
DOWNLOAD READ REVIEW 


or 


l 316.25 2. 641.803 
+ 18.12 + 14.935 

5. 9.104 6 81.008 
+123.456 + 3.409 

9. 39 + 1.007 10. 2.3 + 0.729 + 23 


13. 0.34 + 3.5 + 0.127 + 768 


15. 99.6001 + 7285.18 + 500.042 + 870 


17 51.3 1 18 44.345 
= 2.29 - 3.105 
21. 2.5 22. 39.0 
—- 0.0025 - 0.28 


25. 28.2 — 19.35 26. 100.16 — 0.118 


3. 659.403 4. 4203.28 
+916.812 + 3.3 9 

7. 20.0124 + 30.0124 8. 0.687 + 0.9 

11. 47.8 12. 13.7 2 

219.852 9.112 
43.59 6542.7908 

+666.713 + 23.901 

14. 17 + 3.24 + 0.256 + 0.3689 


. 65.987 + 9.4703 + 6744.02 + 1.0003 + 200.895 


19. 92.341 20. 97.01 
- 6.42 = 3.15 
23. 3.4 24. 2.8 
-— 0.003 = 20-8 
27. 34.07 — 30.7 28. 36.2 — 16.28 
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29. 8.45 — 7.405 


33. 1 — 0.0098 
37. 7.48 — 2.6 
41. 19 — 1.198 


45. 32.7978 
=. OE045:'9. 2 


Cc sSolve. 


49. x + 17.5 = 29.15 


52. w + 1.3004 = 47.8 


55. x + 2349 = 17,684.3 


194 
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30. 3.801 — 2.81 


34. 2 — 1.0908 


38. 18.4 — 5.92 


42, 2548.98 — 2.007 


46. 0.49634 
— 0.12678 


50. ¢ + 50.7 


53. 13,083.3 


31. 


35. 


39. 


43. 


47. 


= 54.07 


6.003 — 2.3 


100 — 0.34 


3 — 2.006 


65 — 13.87 


6.0 7 


— 2.0078 


= x + 12,500.33 


56. 1830.4 + t = 23,067 


Decimal Notation 


32. 


36. 


40. 


44. 


48. 


9.087 — 8.807 


624 — 18.79 


263.7 — 102.08 


45 — 0.999 


1.0 
= 059°9 9-9 


51. 17.95 + p = 402.63 


54. 100.23 = 67.8 + z 


Copyright © 2012 Pearson Education, Inc. 


(d) Find the errors, if any, in each checkbook. 


RECORD ALL CHARGES OR CREDITS THAT AFFECT YOUR ACCOUNT 


TRANSACTION DESCRIPTION HER. 


NUMBER 


Bul Rydman 


BALANCE 
FORWARD 


Deposit 
Chuck Taylor 


Jennfter Crum 


RB Jes Osos [5 


Neon Johnny's Pizza 


Border's Bookstore 


Deposit 


x9 |-0 [9 


Fireman's Fund 


RECORD ALL CHARGES OR CREDITS THAT AFFECT YOUR ACCOUNT 


(=) 
CHECK PAYMENT/ 
NUMBER TRANSACTION DESCRIPTION DEBIT 


Bart Kaufman 


BALANCE 
FORWARD 


Jim Lawler 


SS 


Vietoria M ontoya 


Art's Garage 


KAKO RRA 


Skill Maintenance 


59. Round 34,567 to the nearest thousand. [1.3d] 


Subtract. 

13 3 8 2 
61. 3A = 3 [2.3b] 62. 9 a 15 [2.3b] 
Solve. 


65. A serving of filleted fish is generally considered to be 
about +1b. How many servings can be prepared from 
55 lb of flounder fillet? [2.5a] 


Synthesis 


63. 8805 — 2639 [1.2c] 


60. Round 34,496 to the nearest thousand. [1.3d] 


64. 8005 — 2639 [1.2c| 


66. A photocopier technician drove 1254 mi away from 


Scottsdale for a repair call. The next day he drove 653 mi 
back toward Scottsdale for another service call. How far 
was the technician from Scottsdale? [2.5a] 


67. A student presses the wrong button when using a calculator and adds 235.7 instead of subtracting it. The incorrect answer is 


817.2. What is the correct answer? 
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SKILL TO REVIEW 
Objective 1.3a: Multiply whole 
numbers. 
Multiply. 

16 42 2 #716 
xX 63 


STUDY TIPS 
HAVE A POSITIVE 
ATTITUDE 


You can choose to improve your 
attitude and raise the academic 


goals that you have set for yourself. 
Projecting a positive attitude 
toward your study of mathematics 
and expecting a positive outcome 
can make it easier for you to learn 
and to perform well in this course. 


Answers 
Skill to Review: 
1. 2646 = 2. 41,528 
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(a) Multiplication 


Let’s find the product 
2.3 X 1.12. 


To understand how we find such a product, we first convert each factor to 
fraction notation. Next, we multiply the numerators and then divide by the 


product of the denominators. 


23 12 _ 23 x 112 _ 2576 
10°. 100 10x 100 1000 


2.3 X 1.12 = = 2.576 


Note the number of decimal places. 


1.1 2 (2 decimal places) 
xX 2.3 (1 decimal place) 
2.576 (3 decimal places) 


Now consider 


11 . 150,002 1,650,022 
1000 10,000 10,000,000 


0.011 * 15.0002 = = 0.1650022. 


Note the number of decimal places. 


15.0002 (4 decimal places) 
x 0.011 (3 decimal places) 
01650022 (7 decimal places) 


To multiply using decimals: 0.8 X 0.43 


a) Ignore the decimal points and 
multiply as though both 
factors were whole numbers. 


2 
0.4 3 
x 0.8 Ignore the decimal 
3 4 4 points for now. 


b) Then place the decimal point 


in the result. The number of 0.4 3 (2 decimal places) 


decimal places in the product 
is the sum of the numbers of 
places in the factors. (Count 
places from the right.) 


xX 0.8 (1 decimal place) 
0.3 4 4 (3 decimal places) 


|) EXAMPLE1 Multiply: 8.3 x 74.6. 


a) We ignore the decimal points and multiply as though factors were whole 


numbers. 


74.6 
x 8.3 
2238 
59680 
61-9 1:3 


Decimal Notation 


b) We place the decimal point in the result. The number of decimal places in 
the product is the sum of the numbers of places in the factors, 1 + 1, or 2. 


74.6 (1 decimal place) 
x 8.3 (1 decimal place) 
2238 
59680 
619.1 8 (2 decimal places) 


Do Exercise 1. 


EXAMPLE 2 Multiply: 0.0032 x 2148. 


2148 (0 decimal places) 

x 0.0032 (4 decimal places) 
~ 4296 
64440 

6.8736 (4 decimal places) 


EXAMPLE 3 Multiply: 0.14 x 0.867. 


0.867 (3 decimal places) 
x 0.14 (2 decimal places) 
3468 
8670 
0.12138 (5 decimal places) 


| Do Exercises 2 and 3. 


Multiplying by 0.1, 0.01, 0.001, and So On 


Now let’s consider some special kinds of products. The first involves multiplying 
by a tenth, hundredth, thousandth, ten-thousandth, and so on. Let’s look at 
those products. 


1 38 
0.1 X 38 = oo me 
0.01 X 38 = : xX 38 = ale = 0.38 
100 100 
1 38 
0.001 x 38 = 1000 xX 38 = 1000 0.038 
0.0001 X 38 = : xX 38 = St = 0.0038 
10,000 10,000 


Note in each case that the product is smaller than 38. That is, the decimal point 
in each product is farther to the left than the unwritten decimal point in 38. 


1. Multiply. 
8 5.4 
xX 6.2 


Multiply. 
Pp 1234 
x 0.0041 


Bh 4b 20 © 
x 0.80 4 


Answers 


1. 529.48 2. 5.0594 3. 34.2906 


3.3 Multiplication 
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To multiply any number by 0.1, 0.01, 0.001, and so on, 


a) count the number of decimal 0.001 X 34.45678 
places in the tenth, hundredth, Splaeés 
or thousandth, and so on, and 
b) move the decimal point 0.001 x 34.45678 = 0.034.45678 
in the other number that — 
many places to the left. Move 3 places 
to the left. 


0.001 X< 34.45678 = 0.03445678 


EXAMPLES Multiply. 


4. 0.1 X 14.605 = 1.4605 1.4.605 
5. 0.01 * 14.605 = 0.14605 


Multiply. 
4. 0.1 X 3.48 6. 0.001 X 14.605 = 0.014605 We write an extra zero. 
Fe oa 7. 0.0001 X 14.605 = 0.0014605 We write two extra zeros. 
6. 0.001 x 3.48 
7. 0.0001 X 3.48 Do Exercises 4-7. 
Multiplying by 10, 100, 1000, and So On 
Next, let’s consider multiplying by 10, 100, 1000, and so on. Let’s look at those 
products. 
10 X 97.34 = 973.4 
100 X 97.34 = 9734 
1000 X 97.34 = 97,340 
Note in each case that the product is /arger than 97.34. That is, the decimal 
point in each product is farther to the right than the decimal point in 97.34. 
To multiply any number by 10, 100, 1000, and so on, 
a) count the number of zeros, 1000 X 34.45678 
and 
3 zeros 
b) move the decimal point = 
in the other number that TODD SITS = Sia aa 
many places to the right. Move 3 places 
Multiply. to the right. 
Ss 1000 x 34.45678 = 34,456.78 
9. 100 X 3.48 
10. 1000 x 3.48 _ EXAMPLES Multiply. 


8. 10 X 14.605 = 146.05 14.6.05 
9. 100 x 14.605 = 1460.5 
10. 1000 X 14.605 = 14,605 


11. 10,000 x 3.48 


Answers 11. 10,000 x 14.605 = 146,050 ss na We write an extra zero. 
4. 0.348 5. 0.0348 6. 0.00348 

7. 0.000348 8.348 9. 348 , 

10. 3480 11. 34,800 Do Exercises 8-11. 
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) 


}) Naming Large Numbers; 
Money Conversion 


— 


( 


: 
\ 


Naming Large Numbers 


We often see notation like the following in newspapers and magazines and on 
television and the Internet. 


e U.S. venture-capital firms invested $2.6 billion in alternative-energy 
startup enterprises during the first three quarters of 2007. 
Source: National Venture Capital Association 

e Each day about 39.7 billion person-to-person e-mails, 17.1 billion auto- 
mated e-mails, and 40.5 billion pieces of spam are sent worldwide. 
Source: IDC 

e The largest building in the world is the Pentagon, which has 3.7 million 
square feet of floor space. 


To understand such notation, consider the information in the following 
table. 


NAMING LARGE NUMBERS 


1 hundred = 100 = 10- 10 = 102 

2 Zeros 
1 thousand = 1000 = 10 - 10 - 10 = 10° 
Hs 3 zeros 


1 million = 1,000,000 = 10- 10-10- 10-10-10 = 10° 
baa lay 


'___> 6 zeros 

1 billion = 1,000,000,000 = 10° 
ae 9 zeros 

1 trillion = 1,000,000,000,000 = 10!2 


12 zeros 


( Calculator Corner 


Multiplication with 
Decimal Notation Tousea 
calculator to multiply with decimal nota- 
tion, we use the | - |, [x], and [=] keys. 
To find 4.78 < 0.34, for example, we 
press[4][-][7][8][x][-][s 


4||/=|. The display reads} 1.6252 |, 
$04.78 X 0.34 = 1.6252. 


Exercises: Use a calculator to multiply. 


lL 5.4 
x 9 


2. 415 
x 16.7 


3. 17.63 
x 8.1 


4. 0.04 12.69 
5. 586.4 X 13.5 
6. 4.003 X 5.1 
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To convert a large number to standard notation, we proceed as follows. 


' EXAMPLE 12 Losses due to identity fraud totaled $49.3 billion in 2007. 
Convert 49.3 billion to standard notation. 


Source: Javelin Strategy & Research 
Convert the number in each 


sentence to standard notation. 49.3 billion = 49.3 x 1 billion 
12. The largest building in the world = 49.3 X 1,000,000,000 
is the Pentagon, which has ‘ 
3.7 million square feet of floor aided 
space. = 49,300,000,000 Moving the decimal point 


9 places to the right f 
13. Each day about 39.7 billion 


personal e-mails are sent. Do Exercises 12 and 13. 


Money Conversion 
Converting from dollars to cents is like multiplying by 100. To see why, con- 


sider $19.43. 
$19.43 = 19.43 x $1 We think of $19.43 as 19.43 x 1 dollar, or 
19.43 X $1. 
= 19.43 x 100¢ Substituting 100¢ for $1: $1 = 100¢ 
= 1943¢ Multiplying 


DOLLARS TO CENTS 


To convert from dollars to cents, move the decimal point two places to 
the right and change the $ sign in front to a ¢ sign at the end. 


’ EXAMPLES Convert from dollars to cents. 


13. $189.64 = 18,964¢ 
14. $0.75 = 75¢ 


= 


Convert from dollars to cents. 
14, $15.69 15. $0.17 Do Exercises 14 and 15. 


Converting from cents to dollars is like multiplying by 0.01. To see why, 
consider 65¢. 


65¢ = 65 X I¢ We think of 65€ as 65 X 1 cent, or 65 X 1¢. 
= 65 X $0.01 Substituting $0.01 for 1¢: 1¢ = $0.01 
= $0.65 Multiplying 


CENTS TO DOLLARS 


To convert from cents to dollars, move the decimal point two places to 
the left and change the ¢ sign at the end to a $ sign in front. 


Convert from cents to dollars. ' EXAMPLES Convert from cents to dollars. 


16. 35¢ 17. 577¢ 
15. 395¢ = $3.95 


16. 8503¢ = $85.03 j 


Answers Do Exercises 16 and 17. | 


12. 3,700,000 13. 39,700,000,000 
14. 1569¢ 15. 17¢ 16. $0.35 17. $5.77 


200 CHAPTER 3 __ Decimal Notation 


12. 


15. 


18. 


21. 


25. 


29. 


6.3 
x 0.0 4 


. 10 X 23.76 


0.34 x 1000 


0.1 X 89.23 


8976.23 x 0.001 


37236 
x 16 


374 
xX 2.4 


0.8 7 


x 64 


26. 


30. 


For Extra Help 
MyMathLab 


3. 0.8 4 
x 8 
9.8 7. 87 
x 0.0 8 x 0.006 
10. 100 < 3.8798 
13. 7.8 X 100 
16. 0.01 < 789.235 
19. 78.2 x 0.01 
9.2 8 23. 0.984 
x 8.6 x 3.3 
865 27. 749 
x 1.0 8 x 0.4 3 
7.25 31. 46.50 
x 60 x 75 


mari, (TG 


PRACTICE WATCH DOWNLOAD 


READ 


REVIEW. 


8 18.4 
x 0.07 


11. 1000 X 583.686852 


14. 0.00238 x 10 


17. 0.001 < 97.68 


20. 0.0235 x 0.1 


24. 8.489 
x 7.4 


28. 978 
x 20.5 


32. 8.2 4 
x 703 
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33. 8 1.7 
x 0.612 


37. 1 2.3 
x 1.0 8 


45. 3.005 
x 0.6 2 3 


34. 


38. 


46. 


3: L8)2 


x 7.15 


7.8 2 
x 0.024 


2.0056 


16.3 4 
x 0.000512 


b Convert from dollars to cents. 


49. $28.88 


Convert from cents to dollars. 


53. 34€ 
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50. $67.43 


54. 


95¢ 


Decimal Notation 


35. 10.105 
x 11.324 


39. 3 2.4 
x 2.8 


43. 0.347 
x 2.09 


47. 1000 X 45.678 


51. $0.66 


55. 3445¢ 


36. 151.2 
x 4.555 


40. 8.09 
x 0.0075 


44, 2.532 
x 1.067 


48. 0.001 45.678 


52. $1.78 


56. 933¢ 
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57. Back-to-School Spending. It is estimated that the 58. Cell-Phone Ads. Global spending on advertisements 


amount spent on back-to-school supplies by college appearing on cell phones is projected to be $16.2 billion 
students and their families was $47.3 billion in 2007. in 2011. Convert 16.2 billion to standard notation. 
Convert 47.3 billion to standard notation. Source: eMarketer 


Source: National Retail Federation 


59. Identity Fraud. About 9.3 million adults were victims 60. Low-Cost Laptops. Itis estimated that 9.2 million low- 
of identity fraud in the United States in 2007. Convert cost laptop computers will be shipped worldwide in 2012. 
9.3 million to standard notation. Convert 9.2 million to standard notation. 
Source: Javelin Strategy & Research Source: IDC 


61. DVD Sales. Spending on DVDs totaled $23.4 billion in 2007. 62. Text Messages. In June 2007, 28.9 billion text messages 


Convert 23.4 billion to standard notation. were sent in the United States. Convert 28.9 billion to 
Source: The Digital Entertainment Group standard notation. 
Source: CTIA 


Skill Maintenance 


Calculate. 
63. 23-42 [2.4d] 64. 23 +4 [2.4e] 65. 42 — 23 [2.4c] 66. 44+ 24 [2.4b] 
Divide. [1.3c] 


67.24) 8208 68.4) 348 69.7) 31,962 
70.18) 22,626 71.40)3480 72.17 )} 20,006 


Synthesis 


Consider the following names for large numbers in addition to those already discussed in this section: 
1 quadrillion = 1,000,000,000,000,000 = 101°; 
1 quintillion = 1,000,000,000,000,000,000 = 1018; 
1 sextillion = 1,000,000,000,000,000,000,000 = 1071; 
1,000,000,000,000,000,000,000,000 = 1024. 
Find each of the following. Express the answer with a name that is a power of 10. 


Il 


1 septillion 


73. (1 trillion) - (1 billion) 74. (1 million) - (1 billion) 
75. (1 trillion) - (1 trillion) 76. Is a billion millions the same as a million billions? 
Explain. 
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(a) Division 


Whole-Number Divisors 


number. 


To divide by a whole number, 


decimal point in the 56 


dividend, and 28 


b) divide as though dividing 28 
whole numbers. 


SKILL TO REVIEW 
Objective 1.3c: Divide whole 
numbers. 


Divide. 


15)245 
2.23)1978 


|! EXAMPLE 1 Divide: 379.2 + 8. 


[- Place the decimal point. 
47.4 


8)379.2 


3.2 


59 Divide as though dividing whole numbers. 
5 6 


“3.2 
32 
0 
) EXAMPLE 2 Divide: 82.08 = 24. 


Place the decimal point. 


100 Divide as though dividing whole numbers. 


7 


Sn) ees —? 


Do Margin Exercises 1-3. 


Answers 


Skill to Review: 
1.49 2. 86 


Margin Exercises: 
1606 2.15 3. 0.47 
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We use the following method when we divide a decimal quantity by a whole 


a) place the decimal point 0.8 4 = Quotient 
directly above the Divisor > 7 ) 5.8 8 <— Dividend 


~ 0 <— Remainder 


We can think of a whole-number dividend as having a decimal point at 
the end with as many 0’s as we wish after the decimal point. For example, 
12 = 12. = 12.0 = 12.00 = 12.000, and so on. We can also add 0’s after the 
last digit in the decimal portion of a number: 3.6 = 3.60 = 3.600, and so on. 


EXAMPLE 3 Divide: 30 = 8. 


Be 
8) 30. 


24 


Place the decimal point and divide to find 
how many ones. 


Write an extra zero. 


Divide to find how many tenths. 


Write another zero. 


3.75 


8) 30.00 


Divide to find how many hundredths. 


6 
Check: 3.75 


Check: 0 


i) 

o 

i=) 
ala oO F 
Colo O1Mm & 


Do Exercises 4-6. 


Calculator Corner 


Division with Decimal 
Notation To use a calculator to 
divide with decimal notation, we use 
the |: |, |=], and [=] keys. To find 
237.12 + 5.2, for example, we press 


7ARBiBieIBibie 


2) |=|. The display reads 45.6 |, 
$0 237.12 + 5.2 = 45.6. 


Exercises: Use acalculator to divide. 


1. 12.4)177.32 

2. 49) 125.44 

3. 1.6 + 25 

4. 518.472 + 6.84 


Divide. 


Ayo S ES 
mes 
8 ne 


Answers 


4.0.32 5.3.75 6. 0.25 
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7. a) Complete. 
Sao SD 100 
0.25 0.25 100 
a 
25 


b) Divide. 


0.25 ) See 
Divide. 


80.8 3 un G7 
9.3.5) 44.8 


Answers 
7. (a) 375;(b) 15 8. 4.99. 12.8 
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Divisors That Are Not Whole Numbers 


Consider the division 


0.24) 8.208 


a Then we multiply by 1 to change to a whole- 


We write the division as 
0.24 


number divisor: 
The division 0.24)8.208 is the same 
A) ) as 24)820.8. 


8.208 8.208 | 100 820.8 


x = 
0.24 0.24 100 24 


The divisor is now a whole number. 


To divide when the divisor is not a whole number, 


a) move the decimal point (multiply 0.24) 8.208 
by 10, 100, and so on) to make the =, 


divisot awhole imaber Move 2 places to the right. 


b) move the decimal point in the 0.24) 8.208 
dividend the same number of places teas Bicesid : 
: : Move 2 places to the right. 
(multiply the same way); and 
c) place the decimal point directly 24.2 
above the new decimal point in 0.24) 8.2 01”98 < 
the dividend and divide as SSE a5 
though dividing whole numbers. 100 
96 
4 8 
4 8 
0 
(The new decimal 


point in the dividend 
is indicated by a caret.) 


. EXAMPLE 5. Divide: 5.848 = 8.6. 


8.6) 5.848 Multiply the divisor by 10. (Move the decimal point 
‘A \A 1 place.) Multiply the same way in the dividend. 
(Move 1 place.) 


0.6 8 
8.6 ) 5.84 8 Place a decimal point above the new decimal point 
\A 516 and then divide. 
688 Nore: 2848 _ 5.848 10 _ 58.48 
688 "8.6 86 10 86° 
0 ; 
Do Exercises 7-9. | 


EXAMPLE 6 _ Divide: 12 = 0.64. 


0.64) 12. Place a decimal point at the end of the 
whole number. 


0.64) 12.00 Multiply the divisor by 100. (Move the 
at Se decimal point 2 places.) Multiply the same 
way in the dividend. (Move 2 places after 
adding extra zeros.) 


18.75 Place a decimal point above the new decimal 


0.6 4 yy 2.0 0,0 0 point and then divide. 
“—S 


0 \ 
10. Divide. 


Do Exercise 10. 16 noes 


Dividing by 10, 100, 1000, and So On 


It is often helpful to be able to divide quickly by a ten, hundred, or thousand, 
or by a tenth, hundredth, or thousandth. Each procedure we use is based on 
multiplying by 1. Consider the following example: 


23.789 _ 23.789 1000 23,789 


1000 1000 1000 1,000,000 


= 0.023789. 


We are dividing by a number greater than 1: The result is smaller than 23.789. 


To divide by 10, 100, 1000, and so on, 


713.49 
100 


a) count the number of zeros in the divisor, and 


2 Zeros 
b) write the quotient by moving the decimal point 
in the dividend that number of places to the left. 


713.4 713.4 
: ss 7.13.49, = = 7.1349 
100 WwW 


2 places to the left 


EXAMPLE 7 Divide: ne 


; .0104 
0.0104 0.0.0104, 0.010 
Ww 


= 0.00104 


1 zero 1 place to the left } 


Answer 
10. 15.625 
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Dividing by 0.1, 0.01, 0.001, and So On 


Now consider the following example: 


23.789 _ 23.789 100 _ 2378.9 
0.01 0.01 100 


= 2378.9. 


We are dividing by a number less than 1: The result is /arger than 23.789. 
We use the following procedure. 


To divide by 0.1, 0.01, 0.001, and so on, 
713.49 
0.001 


ue 3 places 


a) count the number of decimal places in the 
divisor, and 


b) write the quotient by moving the decimal point 
in the dividend that number of places to the right. 


713.49 aig 4g, 713-49 
0.001 <= 0,00] 


3 places to the right to change 0.001 to 1 


= 713,490 


23.738 
(| ivide: : 
_ EXAMPLE 8 Divide 0.001 
Divide. 
Tl 0.1278 12 0.1278 a ise 23.738. ae = 23,738 
"0.01 * “100 acs ei oo 
3places 3 places to the right 
98.47 6.7832 
He: 1000 a 0.1 Do Exercises 11-14. 
-b) Solving Equations 
Now let’s solve equations of the type a - x = b, where a and b may be in deci- 
mal notation. Proceeding as before, we divide by a on both sides. 
_ EXAMPLE 9 Solve: 8- x = 27.2. 
We have 
8: 27.2 
. nar i Dividing by 8 on both sides 
3.4 
x = 34. es 292 
24 
32 
32 
0 
The solution is 3.4. 
Answers 
11. 12.78 12. 0.001278 13. 0.09847 
14. 67.832 
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EXAMPLE 10 Solve: 2.9 - t = 0.14616. 


We have 
2.9-t 0.14616 . ee : 
7 eT Dividing by 2.9 on both sides 
0.0504 
t = 0.0504. 2.9 ) 0.1.4 616 
= 4 As 
0 Solve. 
The solution is 0.0504. ) 15. 100 - x = 78.314 


Do Exercises 15 and 16. 16. 0.25 - y = 276.4 


(€) Order of Operations: Decimal Notation 


The same rules for order of operations used with whole numbers and fraction 
notation apply when simplifying expressions with decimal notation. 


RULES FOR ORDER OF OPERATIONS 


1. Do all calculations within grouping symbols before operations 
outside. 


2. Evaluate all exponential expressions. 
3. Do all multiplications and divisions in order from left to right. 
4. Do all additions and subtractions in order from left to right. 


EXAMPLE 11 Simplify: 2.56 x 25.6 + 25,600 x 256. 
There are no exponents or parentheses, so we multiply and divide from 


left to right: 
2.56 X 25.6 + 25,600 X 256 = 65.536 + 25,600 X 256 Doing all 
= 0.00256 X 256 multiplications and 
divisions in order 
= 0.65536. from left to right 
) 


EXAMPLE 12 Simplify: (5 — 0.06) + 2 + 3.42 x 0.1. 
(5 — 0.06) + 2 + 3.42 X 0.1 = 4.94 + 2+ 3.42 X 0.1 Carrying out the 


operation inside 
parentheses 
= 2.47 + 0.342 Doing all multiplications and 
= 2.812 divisions in order from left 


to right 


Answers 
15. 0.78314 16. 1105.6 
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Simplify. 


17. 625 = 62.5 X 25 = 6250 


18. 0.25 - (1 + 0.08) — 0.0274 


19. 202 — 3.42 + 
{2.5[20(9.2 — 5.6)] + 5(10 — 5)} 


| EXAMPLE 13 Simplify: 10? x {[(3 — 0.24) + 2.4] — (0.21 — 0.092)}. 


10* x {[(3 — 0.24) + 2.4] — (0.21 — 0.092)} 
= 10* X {[2.76 + 2.4] — 0.118} Doing the calculations in the 
innermost parentheses first 


= 10% X {1.15 — 0.118} Again, doing the calculations in the 
innermost grouping symbols 


= 10? x 1.032 Subtracting inside the grouping 
symbols 

= 100 X 1.032 Evaluating the exponential expression 

= 103.2 [ 


Do Exercises 17-19. 


) EXAMPLE 14 Mountains in Peru. The figure below shows a range of 


STUDY TIPS 


HOMEWORK TIPS 


Prepare for your homework 
assignment by reading the 
explanations of concepts and 

by following the step-by-step 
solutions of examples in the 

text. The time that you spend 
preparing will save valuable time 
when you do your assignment. 


20. Mountainsin Peru. Refer to 
the figure in Example 14. Find 


the average height of the 


mountains, in meters. 


Answers 
17. 0.04 18. 0.2426 19, 593.44 
20. 5967.5m 
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very high mountains in Peru, together with their altitudes, given both in feet 
and in meters. Find the average height of these mountains, in feet. 
Source: National Geographic, July 1968, p. 130 


Nev. Coropuna, Nevado Ampato, 
Nev. SaraSara, 21,079 ft 20,700 Tene schachani, 


16,060 ~ ¢ ee ee 19,931 ft Wolcan. isti, 
a h. ESTO OS" 19,108 
Ns we 5,822 m 


Fi hu Pichu, 


Nev. Pic’ 


Pacific 
Ocean 


Peru a 


L | 
Area enlarged 
¥" Scale varies in this perspective. 


SOURCE: WOOD RONASVILLE HARLIN INC/NGS Image Collection 


The average of a set of numbers is the sum of the numbers divided by the 
number of addends. (See Section 1.6c.) We find the sum of the heights divided 
by the number of addends, 6: 


18,060 + 21,079 + 20,700 + 19,931 + 19,101 + 18,600 _ 117,471 
6 


= 19,578.5. 


Thus the average height of these mountains is 19,578.5 ft. i 


Do Exercise 20. | 


For Extra Help 


3.4 | BSCR MyMathLab 


Mathexp i. G = oA 


| s 
PRACTICE WATCH DOWNLOAD READ 


REVIEW. 


(a) Divide. 


1.2) 5.98 2.5)18 3.4) 95.12 4.8) 25.92 
5.12) 89.76 6.23) 25.07 7.33)237.6 8.5 4 )4 4 8.2 
9. 9.144 = 8 10. 4.5 +9 1 1s = s if aa 
13.0.0 6 ) 3.3 6 14.0.04) 1.68 15.0.12) 8.4 16.0.3 6) 2.88 
17.3.4) 68 180.25) 5 19.15) 6 20.12) 1.8 
21.36) 14.76 22.52)119.6 2403.9 ) 2 7.2 PA PR) 272 
25.4.2) 39.06 26.4.8) 0.1104 27.8) 5 28.8) 3 
29.0.47) 0.1222 30.1.08) 0.54 31.4.8) 75 
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32.0.2 8) 63 33.0.032)007488 34.0.0017) 1.581 


35.82) 38.54 36.34) 0.1462 a7 et PY Welch 
1000 1000 
5g 23.59 po 83.57 ey 426.487 9 591.348 
“10 * 10 “100 “100 
43 16.94 ie 100.7604 48 1.0237 ag 3.4029 
* 0.1 “0.1 * 0.001 * 0.001 
42.561 98.473 
47. 48. 
0.01 0.01 
b Solve. 
AQ. 4.2 - x = 39.06 50. 36- y = 14.76 51. 1000 - y = 9.0678 
52. 789.23 = 0.25-q 53. 1048.8 = 23- tf 54. 28.2 - x = 423 
C Simplify. 
55. 14 X (82.6 + 67.9) 56. (26.2 — 14.8) x 12 
57. 0.003 + 3.03 + 0.01 58. 9.94 + 4.26 + (6.02 — 4.6) — 0.9 


212 CHAPTER 3 __ Decimal Notation 


Copyright © 2012 Pearson Education, Inc. 


59. 


61. 


63. 


65. 


67. 


69. 


71. 


73. 


42 X (10.6 + 0.024) 


4.2 X 5.7 + 0.7 + 3.5 


9.0072 + 0.04 + 0.12 


(8 — 0.04)? +4 + 87x04 


86.7 + 4.22 x (9.6 — 0.03)? 


4+04+01x5- 0.12 


5.5% X [(6 — 4.2) + 0.06 + 0.12] 


200 X {[(4 — 0.25) + 2.5] — (4.5 — 4.025)} 


60. 


62. 


64. 


66. 


68. 


70. 


72. 


74. 


(18.6 — 4.9) x 13 


123.3 — 4.24 X 1.01 


12 + 0.03 — 12 x 0.032 


(5 — 2.5)* + 100 + 0.1 X 6.5 


2.48 + (1 — 0.504) + 24.3 - 11 x 2 


6X 0.9+ 0.1 + 4- 0.23 


0.03 x {1 x 50.2 — [(8 — 7.5) + 0.05]} 
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213 


75. Find the average of $1276.59, $1350.49, $1123.78, and 76. Find the average weight of two wrestlers who weigh 


$1402.58. 308 lb and 296.4 lb. 

77. Camping in National Parks. Camping in national 78. Unclaimed Prizes. Each year millions of lottery prize 
parks has declined steadily in recent years. The graph dollars go unclaimed. The table below shows the five 
below shows the numbers of overnight camping stays in states with the most unclaimed prize money for a recent 
Park Service campgrounds in the National Park System year. Find the average amount that went unclaimed in 
from 2002 to 2006. Find the average number of stays per these states. 
year during this period. 


UNCLAIMED PRIZES 
(in millions) 


Camping in Park Service Campgrounds 


New York 
Texas 
Florida 
Ohio 
California 


a 


Overnight stays 
(in millions) 
a 


= ret ine d pert SOURCE: Individual state lotteries 
2002 2003 2004 2005 2006 
Year 


SOURCE: U.S. National Park Service 


Skill Maintenance 


Simplify. [2.le] 


36 56 38 92 
a _— 1, —— _— 
79» 1 80. Ga Bl Tag 82. 04 
Find the prime factorization. [1.7d] 
83. 684 84. 162 85. 2007 86. 2005 
87. Add: 105 + 43. [2.4b] 88. Subtract: 10} — 45. [2.4c] 
Synthesis 
Simplify. 
89. # 9.0534 — 2.0412 x 0.731 + 1.0432 90. # 23.042(7 — 4.037 x 1.46 — 0.9322) 
In Exercises 91-94, find the missing value. 
91. 439.57 X 0.01 + 1000 x ] = 4.3957 92. 5.2738 = 0.01 x 1000 + [_]= 52.738 
93. 0.0329 + 0.001 x 104 + L]= 3290 94. 0.0047 x 0.01 + 10* x L]= 4.7 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. In the number 308.00567, the digit 6 names the tens place. [3.1a] 


2. When writing a word name for decimal notation, we write the word “and” for the decimal point. 
[3.1a] 


3. To multiply any number by 10, 100, 1000, and so on, count the number of zeros and move the 
decimal point that many places to the right. [3.3a] 


Guided Solutions 


Fill in each blank with the number that creates a correct statement or solution. 
4. Solve: y + 12.8 = 23.35. [3.2c] 
y + 12.8 = 23.35 
y + 12.8 — (] = 23.35 -[-] _ Subtracting 12.8 on both sides 
y+ J=L] Carrying out the subtraction 
= 
5. Simplify: 5.6 + 4.3 X (6.5 — 0.25)*.  [3.4c] 


5.6 + 4.3 X (6.5 — 0.25)? = 5.6 + 4.3 x (L))? Carrying out the operation inside parentheses 
= 5.6 + 4.3 X Evaluating the exponential expression 
= 5.65 Multiplying 
= Adding 
Mixed Review 
6. Usain Bolt of Jamaica set a world record of 9.69 sec in the 7. After removing coins from their pockets at security check- 
men’s 100-m race at the 2008 Summer Olympics. Write a points in U.S. airports, travelers forgot to reclaim coins 
word name for 9.69. [3.1a] totaling about $1.05 million from 2005 to 2007. Convert 
Source: beijing2008.cn 1.05 million to standard notation. [3.3b] 


Source: Transportation Security Administration 


Write fraction notation. [3.1b] Which number is larger? [3.1c] 
8. 4.53 9. 0.287 10. 0.07, 0.13 152,509 


Write decimal notation. [3.1b] 


7 639 67 2 


Round 28.4615 to the nearest: [3.1d] 
16. Thousandth. 17. Hundredth. 18. Tenth. 19. One 


Mid-Chapter Review: Chapter 3 215 


Add. [3.2a] 


20. 47.638 21. 15.6 22. 4.5 + 0.728 23. 16 + 0.34 + 1.9 
+ 2.4.5 7 Qo Awe 2e9 
3.0 8 
+961.453 


Subtract. [3.2b] 


24 321.57 25. 5.6 26. 34.3 — 18.75 27. 49.07 — 9.7 
- 49.3 8 = (0 @ 7 


Multiply. [3.3a] 


28. 4.6 29. 1 aies! 30. 100 X 81.236 312 Onl x 29°37 
x 0.9 < 1608 7% 
Divide. [3.4a] 
32. 20.24 + 4 33. 21.76 = 6.8 34. 76.34 + 0.1 35. 914.036 + 1000 
36. Convert $20.45 to cents. [3.3b] 37. Convert 147¢ to dollars. [3.3b] 
38. Solve: 46.3 + x = 59. [3.2c] 39. Solve: 42.84 =5.1-y. [3.4b] 


Simplify. [3.4c] 
40. 6.594 + 0.5318 + 0.01 41. 7.3 X 4.6 — 0.8 + 3.2 


Understanding Through Discussion and Writing 


42. A fellow student rounds 236.448 to the nearest one and 43. Explain the error in the following: [3.2b] 
gets 237. Explain the possible error. [3.1d] Subtract. 


73.089 — 5.0061 = 2.3028 
44, Explain why 10 + 0.2 = 100 + 2. [3.4a] 45. Kayla made these two computational mistakes: 


0.247 + 0.1 = 0.0247; 0.247 + 10 = 2.47. 


In each case, how could you convince her that a mistake 
has been made?  {3.4a] 
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(a) Fraction Notation to Decimal Notation 


When a denominator has no prime factors other than 2’s and 5’s, we can find 
decimal notation by multiplying by 1. We multiply to get a denominator that 
is a power of ten, like 10, 100, or 1000. 


EXAMPLE 1 Find decimal notation for 2. 


3.3 2 6 


; 5-2 = 10,so we use § for 1 
5 5 2 10 


to get a denominator of 10. ] 


= 0.6 


EXAMPLE 2 Find decimal notation for oe 


ne ee 
20 20 5 100 


20 - 5 = 100, so we use? for 1 to 


= 0.35 get a denominator of 100. ) 


EXAMPLE 3 Find decimal notation for 9. 


87 87 «4 «348 
25 25 4 100 


25-4 = 100, so we use $ for 1 to 
get a denominator of 100. D 


= 3.48 


EXAMPLE 4 Find decimal notation for a 


9 9 25 225 
40 40 25 1000 


40 - 25 = 1000, so we use $2 for 1 to 
get a denominator of 1000. ] 


= 0.225 


[ Do Margin Exercises 1-4. 


We can always divide to find decimal notation. 


EXAMPLE 5. Find decimal notation for 2. 


0.6 
2 =345 5) 3.0 == 06 
30 
0 ) 


EXAMPLE 6 Find decimal notation for ¢. 
0.875 


8) 7.000 
6 4 
60 

5 6 

40 
40 
0 ) 


it 
> =77+8 = = 0.875 
8 


| Do Exercises 5 and 6. 


SKILL TO REVIEW 
Objective 3.4a: Divide using 
decimal notation. 

Divide. 
13:74 


Find decimal notation. Use 


multiplying by 1. 
4 9 
1. 5 Ze 20 
i 33 
3 5 4, 25 
Find decimal notation. 
2 3 
= Oh = 
5 8 
Answers 


Skill to Review: 
1.0575: °23,:3.125 
Margin Exercises: 
1.0.8 2. 0.45 
4.1.32 5. 0.4 


3. 0.275 
6. 0.375 
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MAKING POSITIVE 
CHOICES 
Making these choices will contrib- 
ute to your success in this course. 


e Choose to make a strong 
commitment to learning. 


e Choose to place the primary 
responsibility for learning on 
yourself. 

e Choose to allocate the proper 
amount of time to learn. 


Find decimal notation. 


is 8. 


|e 
w)rD 


Find decimal notation. 


5) 12 
9. aa 10. lh 


Answers 
7.0.16 8.06 9.045 10. 1.09 
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In Examples 5 and 6, the division terminated, meaning that eventually we 
got a remainder of 0. A terminating decimal occurs when the denominator 
has only 2’s or 5’s, or both, as factors, as in 34, 3, or 34. This assumes that the 
fraction notation has been simplified. 

Consider a different situation: 

5 5 
ae 
Since 6 has a 3 as a factor, the division will not terminate. Although we can 
still use division to get decimal notation, the answer will be a repeating deci- 
mal, as follows. 


EXAMPLE 7 Find decimal notation for 2. 
0.8 33 


6) 5.000 


5 
~=5+6 
6 


Since 2 keeps reappearing as a remainder, the digits repeat and will continue 
to do so; therefore, 


5 
— = 0.83333.... 
6 


The red dots indicate an endless sequence of digits in the quotient. When 
there is a repeating pattern, the dots are often replaced by a bar to indicate 
the repeating part—in this case, only the 3: 

5 


— = 0.83. 
6 


Do Exercises 7 and 8. 


EXAMPLE 8 Find decimal notation for ;. 


t 
— =4711 11)4.0000 


11 


Since 7 and 4 keep repeating as remainders, the sequence of digits “36” re- 
peats in the quotient, and 


t — 
7 0.363636..., or 0.36. 


Do Exercises 9 and 10. J 


) EXAMPLE 9 Find decimal notation for 2. 


= 


0.714285 
7)5.000000 


49 


Since 5 appears again as a remainder, the 
sequence of digits “714285” repeats in the 
quotient, and 


2 - 0.714285714285..., or 0.714285. 


The length of a repeating part can be very long—too long to find on a 
calculator. An example is 2, which has a repeating part of 96 digits. 


Do Exercise 11. 


(b) Rounding in Problem Solving 


In applied problems, repeating decimals are rounded to get approximate an- 
swerts. To round a repeating decimal, we can extend the decimal notation at 
least one place past the rounding digit, and then round as before. 


EXAMPLES Round each of the following to the nearest tenth, hundredth, 
and thousandth. 


Nearest Nearest Nearest 
tenth hundredth thousandth 
10. 0.83 = 0.83333... 0.8 0.83 0.833 
11. 0.09 = 0.090909... 0.1 0.09 0.091 
12. 0.714285 = 0.714285714285... 0.7 0.71 0.714 


Do Exercises 12-14. 


Converting Ratios to Decimal Notation 
When solving applied problems, we often convert ratios to decimal notation. 


EXAMPLE 13 Gas Mileage. Acar travels 457 mi on 16.4 gal of gasoline. 
The ratio of number of miles driven to amount of gasoline used is gas 
mileage. Find the gas mileage and convert the ratio to decimal notation 
rounded to the nearest tenth. 


Miles driven 457 
Gasoline used 16.4 


= 27.86 Dividing to 2 decimal places 


= 27.9 Rounding to 1 decimal place 


The gas mileage is 27.9 miles to the gallon. 


11. Find decimal notation for 2 


Round each to the nearest tenth, 
hundredth, and thousandth. 


12. 0.6 
13. 0.80 


14. 6.245 


Answers 


11. 0.428571 12. 0.7; 0.67; 0.667 
13. 0.8; 0.81;0.808 14. 6.2; 6.25; 6.245 
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15. Coin Tossing. A coin is tossed 
51 times. It lands heads 26 times. 
Find the ratio of heads to tosses 
and convert it to decimal nota- 
tion rounded to the nearest 
thousandth. (This is also the ex- 
perimental probability of getting 
heads.) 


16. Gas Mileage. A car travels 380 mi 
on 15.7 gal of gasoline. Find the 
gasoline mileage and convert the 
ratio to decimal notation rounded 
to the nearest tenth. 


17. Peer-to-Peer Loans. Refer to 
the data on peer-to-peer loans 
in Example 15. Find the average 
amount loaned per year from 
2007 to 2009. Round to the 
nearest thousandth. 


Answers 


15. 0.510 16. 24.2 miles per gallon 
17. About $1.767 billion 
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Decimal Notation 


| EXAMPLE 14 _ Wildfires. 


A severe thunderstorm system that 
moved through northern and 
central California on June 20, 2008, 
produced over 6000 lightning 
strikes. This sparked 2096 wildfires 
that burned about 1,200,000 acres. 
Find the ratio of the number of 
acres burned to the number of fires 
and convert it to decimal notation 
rounded to the nearest 
thousandth. 


Source: California Department of Forestry and Fire 
Prevention 


We have 


Acresburned _ 1,200,000 acres 
Number of fires 2096 fires 
= 572.51908. 


About 572.519 acres burned per fire. 


Do Exercises 15 and 16. 


Averages 


When finding an average, we may at times need to round an answer. 


EXAMPLE 15 _ Peer-to-Peer Loans. 


Peer-to-peer lending, in which indi- 


viduals make loans to other individuals via the Internet, is beginning to soar. 
The graph below shows the amounts of peer-to-peer loans made from 2005 
to 2010. Find the average amount loaned per year during this period. Round 


to the nearest thousandth. 


Peer-to-Peer Loans 


Amount of loans 
(in billions) 


2005 2006 2007 2008 2009 2010 
(est.)  (proj.) (proj.) (proj) 
Year 


SOURCE: Celent 


We add the amounts of the loans and divide by the number of addends, 6. 


The average is 


01+ 03+ 06+ 16+ 3.1+5.8 11.5 


= 1.916 = 1.917. 


6 


6 


Peer-to-peer loans made from 2005 to 2010 averaged a total of about $1.917 


billion per year. 


Do Exercise 17. 


(c) Calculations with Fraction Notation 
~™ and Decimal Notation Together 


In certain kinds of calculations, fraction notation and decimal notation might 
occur together. In such cases, there are at least three ways in which we might 
proceed. 


EXAMPLE 16 Calculate: 3 x 0.576. 


METHOD 1: One way to do this calculation is to convert the fraction notation 
to decimal notation so that both numbers are in decimal notation. Since § 
converts to repeating decimal notation, it is first rounded to some chosen 
decimal place. We choose three decimal places because 0.576 has three 
decimal places. Then, using decimal notation, we multiply. 


: X 0.576 = 0.6 X 0.576 © 0.667 X 0.576 = 0.384192 


METHOD 2: A second way to do this calculation is to convert the decimal 
notation to fraction notation so that both numbers are in fraction notation. 
The answer can be left in fraction notation and simplified, or we can convert 
to decimal notation and round, if appropriate. 


2 2 576 2-576 
3% 0976 = 3" F000 ~ 3 1000 
Deets os 21059 -33 
~  -2+2+2+3-5-5°5 
Se Gee Boos 69 «3 
~~ S5R02eh f+ 565 
cog BeBe! 248 
5-5- 
ee ae 48 
= "55 = 125’ OF 0.384 


METHOD 3: A third way to do this calculation is to treat 0.576 as °°”°. Then we 
multiply 0.576 by 2, and divide the result by 3. 
20.576 2X 0.576 _ 1.152 


2 
> X 0.576 = — x = 
3 3 1 3 3 


= 0.384 


Note that we get an exact answer with methods 2 and 3, but method 1 gives 
an approximation since we rounded decimal notation for 2 


Do Exercise 18. 


EXAMPLE 17 Calculate: } x 0.576 + 3.287 + 3. 


We use the rules for order of operations, doing first the multiplication 
and then the division. Then we add. 
2 4 5 
— X 0.576 + 3.287 + — = 0.384 + 3.287 - — Method 3: 
3 5 4 2 x 0878 = 9.384; 
= 0.384 + 4.10875 Ae x 3 = 4.10875 


= 4.49275 [ 


| Do Exercises 19 and 20. 


18. Calculate: z X 0.864. 


Calculate. 


1 5 
19. — X 0.384 + — X 0.6784 
3 8 


20. 2 x 0.864 + 14.3 + g 
6 5 


Answers 


18. 0.72 19. 0.552 20. 9.6575 
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For Extra Help 


MyMathLab 


PRACTICE WATCH DOWNLOAD 


(a) Find decimal notation. 


23 9 3 19 13 3 
. 100 2s 100 3. 5 4. 20 5. 40 6. 16 
1 4 17 11 3 7 
as 8 5 9. 50 10. 35 ll. = 12.5 
39 31 13 61 2502 181 
13. 40 14. 20 15. 25 16. 125 17. 25. 18. 200 
29 37 19 
19. — 20. — 21. 25 22. 25 23. 16 24, — 
25, 4 26. 2 27,4 28. + 29. 4 30. 2 
“15 “9 “3 “9 “3 “9 
ve 7 4 14 11 
31. 6 32. rl 33. a 34. li 35. D 36. D 
37.-47. Odds. Round each answer of the odd-numbered 38.-48. Evens. Round each answer of the even-numbered 
Exercises 25-35 to the nearest tenth, hundredth, and Exercises 26-36 to the nearest tenth, hundredth, and 
thousandth. thousandth. 
Round each to the nearest tenth, hundredth, and thousandth. 
49. 0.18 50. 0.83 51. 0.27 52. 3.54 
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53. For this set of people, what is the ratio, in decimal 


notation rounded to the nearest thousandth, where 
appropriate, of: 

a) women to the total number of people? 

b) women to men? 

c) men to the total number of people? 


54. For this set of pennies and quarters, what is the ratio, 
in decimal notation rounded to the nearest 


thousandth, where appropriate, of: 


a) pennies to quarters? 
b) quarters to pennies? 
c) pennies to total number of coins? 


d) men to women? 


d) total number of coins to pennies? 


Gas Mileage. In each of Exercises 55-58, find the gas mileage rounded to the nearest tenth. 


55. 285 mi; 18 gal 56. 396 mi; 17 gal 


57. 324.8 mi; 18.2 gal 58. 264.8 mi; 12.7 gal 


59. Windy Cities. Although nicknamed the Windy City, 60. Areas of the New England States. The table below 


Chicago is not the windiest city in the United States. 
Listed in the table below are the six windiest cities and 
their average wind speeds. Find the average of these 
wind speeds and round your answer to the nearest 
tenth. 

Source: The Handy Geography Answer Book 


AVERAGE WIND SPEED : 
CITY (in miles per hour) Maine 33,265 
New Hampshire 2N9) 
Mt. Washington, NH S593 Vermont 9.614 
Boston, MA 125 Massachusetts 8,284 
Honolulu, HI 11.3 Connecticut 5,018 
Dallas, TX 10.7 Rhode Island 1,211 
Kansas City, MO 10.7 
Chicago, IL 10.4 
S 4 


lists the areas of the New England states. Find the 
average area and round your answer to the nearest 


tenth. 
Source: The New York Times Almanac 


TOTAL AREA 
STATE (in square miles) 
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Stock Prices. At one time, stock prices were given using 
mixed numerals involving halfs, fourths, eighths, and so on. 
The Securities and Exchange Commission now mandates the 
use of decimal notation. Thus a price of $2342 is expressed in 
decimal notation, rounded to the nearest hundredth, as 
$23.81. Complete the following table. 


1. General Electric $292 
i 
62. | Intel $2476 
7 
63. | Microsoft $275 
il 
64. | Home Depot $275 
65. | Verisign Dee 
iy} 
66. | Hewlett Packard $45 §% 
S 


SOURCE: New York Stock Exchange 


©) Calculate. 
/ 4 3 4 
67. — X 12.64 68. — X 384.8 69. 2— + 5.65 70. 4— + 3.25 
8 5 4 5 
71. at x 79.95 72. J x 2.7873 73. - =10)5 74. a" — 2.75 
9 1l 2 8 
3 5 5 
- 4.875 — ge 76. 55— — 12.22 77. = X 0.0765 + — X 0.1124 
16 5 6 4 
78. = X 6384.1 — a x 156.56 79. = X 384.8 + 24.8 + is 80. 102.4 + 2 — 12x 2 
5 8 5 3 5 6 
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gi. x 0.86 — 0.76 x > 82 1795 = + 2x 162 83 3.375 X 54 
3 : ; a Pee tae ; Ds 3 


5 1 1 
4.2.5 X 3— - 6.84 + 2— » 8= + 2.125 
8 5 a5 85. 6.8 5 86 oS 


Skill Maintenance 


Multiply. [2.4d] Divide. [2.4e] 
87. 9 - 24 88. 105 - 223 89. 84 = 82 90. 82 + 102 
Add. [2.4b] Subtract.  [2.4c] 
91. 172 + 323 92. 142 + 164 93. 167, — 142 94, 323 — 172 
Solve. [2.5a] 
95. A recipe for bread calls for 3 cup of water, } cup of milk, 96. A board jj in. thick is glued to a board ? in. thick. The 
and , cup of oil. How many cups of liquid ingredients glue is as in. thick. How thick is the result? 


does the recipe call for? 


Synthesis 


Find decimal notation. 
1 2 3 4 
ae a a 100. — 101. = 
97 = 98 - 99 = 00. 7 0 


102. # From the pattern of Exercises 97-101, guess the decimal notation for 8 Check on your calculator. 


Find decimal notation. 
103. : 104. = 105. a 
“9 * 99 * 999 


106. # From the pattern of Exercises 103-105, guess the decimal notation for sg55- Check on your calculator. 
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SKILL TO REVIEW 
Objective 1.3e: Estimate sums, 


differences, products, and quotients 


by rounding. 


Estimate by first rounding to the 
nearest ten. 


1 467 2. 5 4 
x 29 


—-284 


1. Estimate by rounding to the 
nearest ten the total cost of one 
grill and one camera. Which of 
the following is an appropriate 


estimate? 
a) $43 b) $400 
c) $410 d) $430 


2. About how much more does the 
TV cost than the grill? Estimate 
by rounding to the nearest ten. 


Which of the following is an 
appropriate estimate? 

a) $100 b) $150 

c) $160 d) $300 


Answers 


Skill to Review: 
1. 190 2. 1500 


Margin Exercises: 
1. (d) 2. (c) 
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Estimating Sums, Differences, 
Products, and Quotients 


Estimating has many uses. It can be done before a problem is even attempted 
in order to get an idea of the answer. It can be done afterward as a check, even 
when we are using a calculator. In many situations, an estimate is all we need. 
We usually estimate by rounding the numbers so that there are one or two 
nonzero digits, depending on how accurate we want our estimate. Consider 
the following prices for Examples 1-3. 


19" Flat-Panel HDTV 


EXAMPLE 1 Estimate by rounding to the nearest ten the total cost of one 
grill and one TV. 


We are estimating the sum 
$289.95 + $449.99 = Total cost. 
The estimate found by rounding the addends to the nearest ten is 


$290 + $450 = $740. (Estimated total cost) b 


Do Margin Exercise 1. | 


{ EXAMPLE 2 About how much more does the TV cost than the camera? 


Estimate by rounding to the nearest ten. 
We are estimating the difference 


$449.99 — $139.97 = Price difference. 


The estimate, found by rounding the minuend and the subtrahend to the 
nearest ten, is 


$450 — $140 = $310. (Estimated price difference) b 


Do Exercise 2. | 


j 


EXAMPLE 3 Estimate the total cost of 4 cameras. 
We are estimating the product 


4 X $139.97 = Total cost. 
The estimate is found by rounding 139.97 to the nearest ten: 


4 xX $140 = $560. 


Do Exercise 3. 


EXAMPLE 4 About how ————— Rl: Be 
many Blu-ray discs at $29.99 -RAY DISC’ 2! aisle 
each can be purchased BLU es ig Le i 
for $154? oti Oink 
We estimate the quotient VF 
$154 + $29.99. 


Since we want a whole- 
number estimate, we choose 
our rounding appropriately. 
Rounding $29.99 to the 

nearest one, we get $30. Since 
$154 is close to $150, which is a 
multiple of 30, we estimate 


$150 + $30, 


so the answer is 5. l 


|__Do Exercise 4. 


EXAMPLE 5 Estimate: 4.8 < 52. Do not find the actual product. Which of 
the following is an appropriate estimate? 


a) 25 b) 250 c) 2500 d) 360 
We round 4.8 to the nearest one and 52 to the nearest ten: 
5 X 50 = 250. (Estimated product) 


Thus an approximate estimate is (b). J 


Other estimates that we might have used in Example 5 are 
5 X 52 = 260 or 4.8 X 50 = 240. 


The estimate in Example 5, 5 X 50 = 250, is the easiest to do because the 
factors have the fewest nonzero digits. You could probably do it mentally. In 
general, we try to round so that a computation has as few nonzero digits as 
possible while still keeping the estimated value close to the original value. 


Do Exercises 5-10. 


3. Estimate the total cost of 6 TVs. 
Which of the following is an 
appropriate estimate? 

a) $450 b) $2700 


c) $4500 d) $27,000 


4. About how many Blu-ray discs 
can be purchased for $485? 
Choose an appropriate estimate 


from the following. 
a) 16 b) 21 
@Q) 2 d) 30 


Estimate each product. Do not find 
the actual product. Which of the 
following is an appropriate 
estimate? 


5. 2.4 x 8 
a) 16 b) 34 
@) 125) d) 5 
6. 24 X 0.6 
a) 200 b) 5 
c) 110 d) 20 


7. 0.86 X 0.432 


a) 0.04 b) 0.4 

@) ill d) 4 
8. 0.82 x 0.1 

a) 800 b) 8 

c) 0.08 d) 80 


9. 0.12 X 18.248 
a) 180 b) 1.8 
c) 0.018 d) 18 


10. 24.234 X 5.2 


a) 200 b) 120 
c) 12.5 d) 234 
Answers 


3. (b) 4. (a) 5. (a) «6. (d)~ 7. (b) 
8. (c) 9. (b) 10. (b) 


3.6 Estimating 227 


Estimate each quotient. Which of the 
following is an appropriate estimate? 


Ilo BEM) = 2E)s1 


a) 200 b) 20 

Cc) 2 d) 0.2 
12. 82.08 + 2.4 

a) 40 b) 4.0 

c) 400 d) 0.4 


13. 0.1768 + 0.08 
a) 8 b) 10 
Cc) d) 20 


14, Estimate: 0.0069 + 0.15. Which 
of the following is an appropri- 
ate estimate? 


a) 0.5 b) 50 
c) 0.05 d) 0.004 
Answers 


ll. (c) 12. (a) 13. (c)_ 14. (©) 
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EXAMPLE 6 Estimate: 82.08 + 24. Which of the following is an appropriate 
estimate? 


a) 400 b) 16 c) 40 d) 4 

This is about 80 + 20, so the answer is about 4. Thus an appropriate 
estimate is (d). 
EXAMPLE 7 Estimate: 94.18 + 3.2. Which of the following is an appropri- 
ate estimate? 
a) 30 b) 300 c) 3 d) 60 

This is about 90 + 3, so the answer is about 30. Thus an appropriate 
estimate is (a). 
EXAMPLE 8 Estimate: 0.0156 + 1.3. Which of the following is an appro- 
priate estimate? 
a) 0.2 b) 0.002 c) 0.02 d) 20 

This is about 0.02 + 1, so the answer is about 0.02. Thus an appropriate 


estimate is (c). 


Do Exercises 11-13. ] 


In some cases, it is easier to estimate a quotient directly rather than by 
rounding the divisor and the dividend. 


EXAMPLE 9 Estimate: 0.0074 + 0.23. Which of the following is an appro- 
priate estimate? 
a) 0.3 b) 0.03 c) 300 d) 3 
We estimate 3 for a quotient. We check by multiplying. 
0.23 x 3 = 0.69 
We make the estimate smaller. We estimate 0.3 and check by multiplying. 
0.23 < 0.3 = 0.069 
We make the estimate smaller. We estimate 0.03 and check by multiplying. 
0.23 X 0.03 = 0.0069 
This is about 0.0074, so the quotient is about 0.03. Thus an appropriate esti- 


mate is (b). 


Do Exercise 14. | 


For Extra Help 


Exercise Set MyMathLab 


mari, (TA | 


PRACTICE WATCH DOWNLOAD 


REVIEW 


READ 


Consider the following prices for Exercises 1-8. Estimate the sums, differences, products, or quotients involved in these 
problems. Indicate which of the choices is an appropriate estimate. 


Black & White 
Multifunction 
Printer/Copier/ 
Scanner $979, 


1. Estimate the total cost of one printer and one satellite 2. Estimate the total cost of one satellite radio and one ice 
radio. cream maker. 
a) $43 b) $4300 c) $360 d) $430 a) $230 b) $23 c) $2300 d) $400 
3. About how much more does the printer cost than the 4. About how much more does the satellite radio cost than 
satellite radio? the ice cream maker? 
a) $1300 b) $200 c) $130 d) $13 a) $7000 b) $70 c) $130 d) $700 
5. Estimate the total cost of 6 ice cream makers. 6. Estimate the total cost of 4 printers. 
a) $480 b) $48 c) $240 d) $4800 a) $1200 b) $1120 c) $11,200 d) $600 
7. About how many ice cream makers can be purchased for 8. About how many printers can be purchased for $56272 
$830? a) 200 b) 20 c) 1800 d) 2000 
a) 120 b) 100 c) 10 d) 1000 


Estimate by rounding as directed. 


9. 0.02 + 1.31 + 0.34; 10. 0.88 + 2.07 + 1.54; 11. 6.03 + 0.007 + 0.214; 
nearest tenth nearest one nearest one 
12. 1.11 + 8.888 + 99.94; 13. 52.367 + 1.307 + 7.324; 14, 12.9882 + 1.2115; 
nearest one nearest one nearest tenth 
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15. 2.678 — 0.445; 16. 12.9882 — 1.0115; 17. 198.67432 — 24.5007; 
nearest tenth nearest one nearest ten 


Estimate. Choose a rounding digit that gives one or two nonzero digits. Indicate which of the choices is an appropriate estimate. 


18. 234.12321 — 200.3223 19. 49 x 7.89 20. 7.4 x 8.9 
a) 600 b) 60 a) 400 b) 40 a) 95 b) 63 
c) 300 d) 30 c) 4 d) 0.4 c) 124 d) 6 
21. 98.4 X 0.083 22. 78 X 5.3 23. 3.6 + 4 
a) 80 b) 12 a) 400 b) 800 a) 10 b) 1 
c) 8 d) 0.8 c) 40 d) 8 c) 0.1 d) 0.01 
24. 0.0713 + 1.94 25. 74.68 + 24.7 26. 914 = 0.921 
a) 3.5 b) 0.35 a) 9 b) 3 a) 10 b) 100 
c) 0.035 d) 35 c) 12 d) 120 c) 1000 d) 1 
27. Fence Posts. A zoo plans to construct a fence around 28. Ticketmaster. Recently, Ticketmaster stock sold for 
its proposed animals of the Great Plains exhibit. The $22.25 per share. Estimate how many shares can be 
perimeter of the area to be fenced is 1760 ft. Estimate purchased for $4400. 


the number of wooden fence posts needed if the posts 
are placed 8.625 ft apart. 
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29. Day-Care Supplies. Helen wants to buy 12 boxes of 30. Batteries. Oscar buys 6 packages of AAA batteries at 
crayons at $1.89 per box for the day care center that $5.29 per package. Estimate the total cost of the 
she runs. Estimate the total cost of the crayons. purchase. 


Skill Maintenance 


In each of Exercises 31-38, fill in the blank with the correct term from the given list. Some of the choices may not be used and 
some may be used more than once. 


31. The decimal 0.573 is an example of a(n) decimal. additive 
[3.5a] multiplicative 
numerator 
32. The least common of two natural numbers is the denominator 
smallest number that is a multiple of both. [1.9a] reciprocals 
factors 
33. In the product 10 - 7, 10 and? are . [Fal oe 
divisible 
terminating 
34. A of an equation is a replacement for the repeating 
variable that makes the equation true. [1.4a] multiple 
factor 


35. The number 1 is the identity. [1.3a] 


36. The product of 6 and { is 1; we say that 6 and § are 
ofeach other. [2.2b] 


37. The least common of two or more fractions is 
the least common of their denominators. 
[2.3a] 
38. The number 3728 is by 4 if the number named 
by the last two digits is by 4. [1.8a] 
Synthesis 
The following were done on a calculator. Estimate to determine whether the decimal point was placed correctly. 
39. 178.9462 xX 61.78 = 11,055.29624 40. 14,973.35 + 298.75 = 501.2 
41. 19.7236 — 1.4738 X 4.1097 = 1.366672414 42. 28.46901 + 4.9187 — 2.5081 = 3.279813473 


43. Fe] Use one of +, —, X, and + in each blank to make a true sentence. 
a) (0.37 [_] 18.78) [_] 2!8 = 156,876.8 b) 2.56 [_] 6.4 [_] 51.2 [_] 17.4 = 312.84 
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1. Debit-Card Transactions. 
Debit-card transactions in 2000 
totaled 9.8 billion. The number 
of transactions projected to be 
made in 2010 is 42.5 billion. How 
many more debit-card transac- 
tions are expected in 2010 than 


in 20002 


Source: The Nilson Report 


Answer 
1. 32.7 billion transactions 
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CHAPTER 3 


Decimal Notation 


(a) Solving Applied Problems 


Solving applied problems with decimals is like solving applied problems with 
whole numbers. We translate first to an equation that corresponds to the situ- 
ation. Then we solve the equation. 


EXAMPLE 1 Canals. The Panama Canal in Panama is 50.7 mi long. The 
Suez Canal in Egypt is 119.9 mi long. How much longer is the Suez Canal? 


1. Familiarize. We let J] = the distance in miles that the length of the 
longer canal differs from the length of the shorter canal. 


2. Translate. We translate as follows, using the given information: 


Length of Length of 
Panama Canal, Suez Canal, 
the shorter Additional the longer 
canal plus length is canal 
Y y 


50.7 mi + l 119.9 mi. 
3. Solve. We solve the equation by subtracting 50.7 mi on both sides: 


50.7 + 1 = 119.9 
50.7 + 1 — 50.7 = 119.9 — 50.7 


1 = 69.2. 
4. Check. We can check by adding. 
5 0.7 
+ 69.2 
119.9 


The answer checks. 
5. State. The Suez Canal is 69.2 mi longer than the Panama Canal. 


Do Exercise 1. | 


EXAMPLE 2 Meat and Seafood Consumption. Ina recent year, the aver- 
age American consumed about 62.8 lb of beef, 47.3 lb of pork and lamb, 73.6 Ib 
of poultry, and 16.1 lb of seafood. Find the total amount of meat and seafood 
consumed by the average American per year. 


Meat and Seafood Consumption 


Amount per year 
(in pounds) 


SOURCE: U.S. Department of Agriculture 


1. Familiarize. The figure above helps us visualize the situation. We let 
= the total amount of meat and seafood consumed by the average 
American per year. 


2. Translate. We are combining amounts. We translate to an equation that 
does this. 


Pork 
and 
Beef plus lamb plus Poultry plus Seafood is Total 


yy Fe YY 


= 


62.8 + 47.3 + 73.6 + 16.1 t 
3. Solve. ‘To solve, we carry out the addition. 
i. a 
6 2.8 
47.3 2. Amount of Medication. Overa 
7 3.6 24-hr period, a patient received 
+ 16.1 injections of 2.8 mL, 1.35 mL, 
199.8 2.0 mL, and 1.88 mL of a medica- 
tion. What was the total amount 
Thus, t = 199.8. of medication received? 


4. Check. We can check by repeating our addition. We can also see 
whether our answer is reasonable by first noting that it is indeed larger 
than any of the numbers being added. We can also do a check by round- 
ing and estimating: 

62.8 + 47.3 + 73.6 + 16.1 ~ 60 + 50 + 70 + 20 
= 200 * 199.8. 


If we had gotten an answer like 19.98 or 1998, then the estimate, 200, 
would have told us that we had made a mistake, such as not lining up the 
decimal points. 


5. State. The average American consumes about 199.8 lb of meat and 28mL 1.35mL 2.0mL 1.88mL 
seafood per year. 


Do Exercise 2. 


Answer 
2. 8.03 mL 
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{ EXAMPLE 3 IRS Driving Allowance. 


The Internal Revenue Service al- 
lowed a tax deduction of 58.5¢ per mile driven for business purposes in the 
last six months of 2008. What deduction, in dollars, would be allowed for driv- 


ing 9143 mi during this time period? 
Source: Internal Revenue Service 


1. Familiarize. 


2. Translate. 


3. Solve. 


We first make a drawing or at least visualize the situation. 
Repeated addition fits this situation. We let d = the deduction, in dollars, 
allowed for driving 9143 mi. 


58.5¢ 58.5€ 58.5€ 58.5¢ 58.5€ 58.5¢ 


1mi | 1mi | 1mi | 1mi — 1mi | 1mi | 


9143 mi 


We translate as follows, writing 58.5¢ as $0.585: 


Deduction Number of Total 
foreach mile times milesdriven is deduction 


a. a 
9143 = a. 


To solve the equation, we carry out the multiplication. 


9143 
x 0.585 
ASE LS 
731440 
4571500 
5348655 


Thus, d = 5348.655 ~ 5348.66. 


$0.585 x 


4. Check. We can obtain a partial check by rounding and estimating: 


3. Printing Costs. At Kwik Copy, 
the cost of copying is 11 cents 
per page. How much, in dollars, 
would it cost to make 466 copies? 


5. State. 


9143 X 0.585 ~ 9000 X 0.6 + 5400 © 5348.66. 
The total allowable deduction would be $5348.66. ) 


Do Exercise 3. 


| EXAMPLE 4 Loan Payments. A car loan of $7382.52 is to be paid off in 
36 equal monthly payments. How much is each payment? 


1. 


$7382.52 


Answer 
3. $51.26 
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Familiarize. 
payment. 


We first make a drawing. We let n = the amount of each 


There may be some 
fractional part of $1. 


AS ES Ge --  E 


36 payments. 
> How much 
in each payment? 


Y 
n= the amount of payment in each row 


2. Translate. The problem can be translated to the following equation, 
thinking that 
(Totalloan) + (Number of payments) = Amount ofeach payment 
$7382.52 + 36 = n. 
3. Solve. ‘To solve the equation, we carry out the division. 


2050 7 
36)7382.52 
72 
4782 
180 


Thus, n = 205.07. 


4. Check. A partial check can be obtained by estimating the quotient: 
$7382.56 + 36 ~ 8000 + 40 ~ 200 ~ 205.07. The estimate checks. 4. loan Payments. A loan of 


5. State. Each payment is $205.07. $4425 is to be paid off in 
12 equal monthly payments. 


Do Exercise 4. How much is each payment? 


EXAMPLE 5 Travel Poster. Sam is decorating his dorm room with travel 
posters. The dimensions of each poster are 27.4 in. by 19.3 in. Find the area of 
a poster. 


1. Familiarize. We first make a drawing. We let A = the area. 


27.4 in. 


2. Translate. We use the formulaA = /7- wand substitute: 
A=I-w 
A= 274A X 19.3. 


Answer 
4. $368.75 
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5. Index Cards. A standard-size 
index card measures 12.7 cm by 
7.6 cm. What is its area? 


7.6 cm 


oe 


UP257/ (haa 


6. One pound of lean boneless 
ham contains 4.5 servings. It 
costs $7.99 per pound. What is 
the cost per serving? Round to 
the nearest cent. 


Answers 
5. 96.52cm2 6. $1.78 
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3. Solve. We solve by carrying out the multiplication. 
2 7.4 
x 19.3 
822 
24660 
27400 
§ 28:8 2 
Thus, A = 528.82. 
4. Check. We obtain a partial check by estimating the product: 


A = 274 X 19.3 © 25 X 20 © 500. 


This estimate is close to 528.82, so the answer is probably correct. 
5. State. The area of the travel poster is 528.82 in?. 


Do Exercise 5. 


EXAMPLE 6 _ Digital Camera Purchase. Dawson Real Estate spent 
$10,399.74 on 26 Nikon Coolpix 10.1 megapixel digital cameras, so that its 
agents could place photos of properties on the firm’s Web site. How much did 
each camera cost? 


1. Familiarize. We let c = the cost of each camera. 


2. Translate. We translate as follows: 


Cost of Total cost Number of 
eachcamera is ofpurchase dividedby cameras purchased 


y 


Cc = $10,399.74 = 26. 
3. Solve. ‘To solve, we carry out the division. 


399.99 
26)10,399.74 
78 
259 
234 
9 
234 
257 
234 
234 
234 


0 


4. Check. We check by estimating 
10,399.74 + 26 = 10,000 + 25 = 400. 
Since 400 is close to 399.99, the answer is probably correct. 


5. State. The cost of each camera was $399.99. 


Do Exercise 6. _} 


Multistep Problems 


EXAMPLE 7 Gas Mileage. Ava filled her gas tank and noted that the 
odometer read 67,507.8. After the next filling, the odometer read 68,006.1. It 
took 16.5 gal to fill the tank. How many miles per gallon did Ava get? 


1. Familiarize. We first make a drawing. 


This is a two-step problem. First, we find the number of miles that have 
been driven between fillups. We let 2 = the number of miles driven. 


2.,3. Translate and Solve. We translate and solve as follows: 
First Number of Second 


odometer miles odometer 
reading plus driven is reading 


y 


67,507.8 + n 


\| <— 


68,006.1. 


To solve the equation, we subtract 67,507.8 on both sides: 


n = 68,006.1 — 67,507.8 6 8,0 0 6.1 
= 498.3. — 67,5 0 7.8 
49 8.3 


Next, we divide the total number of miles driven by the number of gal- 
lons. This gives us m = the number of miles per gallon—that is, the 
mileage. The division that corresponds to the situation is 


498.3 + 16.5 = m. 
To find the number m, we divide. 


3 0.2 
16.5 )4 9 8.3a0 
495 
330 
330 
a) 


Thus, m = 30.2. 


4. Check. To check, we first multiply the number of miles per gallon times 
the number of gallons to find the number of miles driven: 


16.5 X 30.2 = 498.3. 
Then we add 498.3 to 67,507.8 to find the new odometer reading: 
67,507.8 + 498.3 = 68,006.1. 


The mileage 30.2 checks. 
5. State. Ava got 30.2 miles per gallon. 


Do Exercise 7. 


FIVE STEPS FOR 
PROBLEM SOLVING 


Are you using the five steps for 
problem solving that were devel- 
oped in Section 1.5? 


1. Familiarize yourself with the 
situation. 


a) Carefully read and 

reread until you under- 

stand what you are 

being asked to find. 

Draw a diagram or see if 

there is a formula that 

applies. 

c) Assign a letter, or variable, 
to the unknown. 


b 


& 


N 


Translate the problem to an 
equation using the letter or 
variable. 


iss) 


. Solve the equation. 


4. Check the answer in the origi- 
nal wording of the problem. 


oa 


. State the answer to the prob- 
lem clearly with appropriate 
units. 


7. Gas Mileage. John filled his gas 
tank and noted that the odome- 
ter read 38,320.8. After the next 
filling, the odometer read 
38,735.5. It took 14.5 gal to fill 
the tank. How many miles per 
gallon did John get? 


Answer 
7. 28.6 mpg 
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| EXAMPLE 8 Home-Cost Comparison. Suppose you own a home like the 
one shown here and it is valued at $225,000 in Tulsa, Oklahoma. What would 
it cost to buy a similar home in Boston, Massachusetts? To find out, we can 
use an index table prepared by Coldwell Banker Real Estate Corporation. (For 
a complete index table, contact your local representative.) We use the follow- 
ing formula: 


Value of ms Index of 
Cost of your your home new city 
home in new city ~ indexot ; 
your city 


Find the cost of your Tulsa home in Boston. 


Massachusetts Boston B27 Texas Dallas 72 
Illinois Chicago 173} Oklahoma Tulsa 36 
California Palo Alto 397 Florida Miami 1S 

Sacramento 90 Orlando 96 

San Diego 147 Key West 220 
Alaska Juneau 110 Colorado Boulder 146 
Kentucky Louisville 56 North Carolina Charlotte 61 

Q 


SOURCE: Coldwell Banker Real Estate Corporation 


1. Familiarize. We let C = the cost of the home in Boston. We use the 
table and look up the indexes of Tulsa and the new city, Boston. We see 
that Tulsa’s index is 36 and Boston’s index is 327. 


2. Translate. Using the formula, we translate to the following equation: 


C $225,000 x 327 
36 ; 


3. Solve. ‘To solve, we carry out the computations using the rules for order 
of operations. (See Section 3.4.) 


C $225,000 X 327 


Refer to the table in Example 8 to 


answer Exercises 8 and 9. Round 36 
to the nearest dollar. $73,575,000 ee h idiieation A 
8. Home-Cost Comparison. al 36 arrying out the multiplication first 
Suppose your home in Charlotte _ F weer 
is valued at $180,000. What $2,043,750 Carrying out the division 
would it cost to buy a similar On a calculator, the computation could be done in one step. 
home in Chicago? 4. Check. We can repeat our computations. 
9. Home-Cost Comparison. 5. State. A home that sells for $225,000 in Tulsa would cost about $2,043,750 
Suppose your home in Boulder in Boston. l 


is valued at $315,000. What 


would it cost to buy a similar Do Exercises 8 and 9. J 


home in Louisville? 


Answers 
8. $510,492 9. $120,822 
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Translating 
for Success 


1. Gas Mileage. Art filled his SUV’s 
gas tank and noted that the 
odometer read 38,271.8. At the 
next filling, the odometer read 


6. Cost of Gasoline. What is the 
cost, in dollars, of 18.4 gal of 
The goal of these matching questions gasoline at $3.87 per gallon? 


is to practice step (2), Translate, of the 


38,677.92. It took 28.4 gal to fill 
the tank. How many miles per 
gallon did the SUV get? 


. Dimensions of a Parking 

Lot. Seals’ parking lot isa 
rectangle that measures 85.2 ft 
by 52.3 ft. What is the area of the 
parking lot? 


. Game Snacks. Three students 
pay $18.40 for snacks ata 
football game. What is each 
person’s share? 


. Electrical Wiring. An electrician 
needs 1314 ft of wiring cut into 
23-ft pieces. How many pieces 
will she have? 


. College Tuition. Wayne needs 
$4638 for the fall semester’s 
tuition. On the day of registra- 
tion, he has only $3092. How 
much does he need to 
borrow? 


five-step problem-solving process. 
Translate each word problem to an 
equation and select a correct 
translation from equations A-O. 


A. 25 n= 1314 


. 18.4 xk 3.87 =n 
» N= 85.2 X 52.3 
. 1314.28 — 437 =n 


- 3X 1840 =n 
1 
2—-1314= 
5 3 n 


. 3092 + n = 4638 
. 18.4-n = 3.87 


406.12 _ 
28.4 


52.3 -n = 85.2 
~ N= 1314.28 + 437 
. 92.3 + n = 85.2 
. 3092 + 4638 = n 
. 3:n= 18.40 
» 85.2 + 52.3 =n 


Answers on page A-5 


. Savings Account Balance. 


Margaret has $1314.28 in her 
savings account. Before using 
her debit card to buy an office 
chair, she transferred $437 to 
her checking account. How 
much was left in her savings 
account? 


8. Acres Planted. This season Sam 


planted 85.2 acres of corn and 
52.3 acres of soybeans. Find the 
total number of acres that he 
planted. 


9. Amount Inherited. Tara 


inherited 2 times as much as 
her cousin. Her cousin received 
$1314. How much did Tara 
receive? 


. Travel Funds. The athletic 


department needs travel funds 
of $4638 for the tennis team and 
$3092 for the golf team. What is 
the total amount needed for 
travel? 


For Extra Help 


MyMathLab 


marin TE = & 


PRACTICE WATCH DOWNLOAD READ REVIEW 


Hurricane Damage. The amount of damage caused by the five most costly Atlantic hurricanes in the United States is shown in 
the table below. Use this table to do Exercises 1 and 2. 


Most Costly Hurricanes 


RANK | HURRICANE | YEAR 


Katrina 


Andrew 
Wilma 
Ivan 
Charley 


SOURCE: National Hurricane Center 


2. What was the total cost of the two hurricanes that 
occurred in 2005? 


1. How much mote costly was Hurricane Katrina than 
Hurricane Andrew? 


Top American Sky Routes. The figure below shows the numbers of airline passengers carried on the top five sky routes in the 
United States from December 2006 to November 2007. Note that these routes go in both directions. Use this figure to do 
Exercises 3 and 4. 


Top American Sky Routes 2 


(in millions) 


q 


SOURCE: U.S. Bureau of Transportation Statistics 


Number of passengers 


3. What is the total number of passengers carried on the 4. How many more passengers were carried on the New York 


top two routes? 


. Record Movie Openings. The movie The Dark Knight 
took in $155.34 million on its first weekend. This topped 
the previous high opening weekend revenue set by 
Spider-Man 3 by $4.24 million. How much did Spider- 
Man 3 take in on its opening weekend? 

Source: Associated Press 
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City-Chicago route than on the Los Angeles—Chicago 
route? 


. Counterfeit Money. The amount of counterfeit 


money passed in the United States is on the rise. 

About $62.0 million was passed in 2006. This amount 
was $22.8 million more than entered circulation in 1999. 
How much counterfeit money was passed in 1999? 
Source: U.S. Secret Service 
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7. 


11. 


13. 


15. 


17. 


. Body Temperature. 


Cost of Bottled Water. The cost ofa year’s supply 
of a popular brand of bottled water, based on the 
recommended consumption of 64 oz per day, at the 
supermarket price of $3.99 for a six-pack of half-liter 
bottles is $918.82. This is $918.31 more than the cost 
of drinking the same amount of tap water for a year. 
What is the cost of drinking tap water for a year? 
Source: American Water Works Association 


Normal body temperature is 
98.6°F. During an illness, a patient’s temperature rose 
4.2°. What was the new temperature? 


Lottery Winnings. The largest lotto jackpot ever won in 
California totaled $193,000,000 and was shared equally 
by 3 winners. How much was each winner’s share? 
Round to the nearest cent. 

Source: California State Lottery 


Stamp. Find the area and the perimeter of the stamp 
shown here. 


2.5:cm! 


3.25 cm 


Odometer Reading. The Binford family’s odometer 
reads 22,456.8 at the beginning of a trip. The family’s 
online driving directions tell them that they will be 
driving 234.7 mi. What will the odometer read at the 
end of the trip? 


Gas Mileage. Peggy filled her van’s gas tank and 
noted that the odometer read 26,342.8. After the next 
filling, the odometer read 26,736.7. It took 19.5 gal 

to fill the tank. How many miles per gallon did the 
van get? 


8. 


10. 


12. 


14. 


16. 


18 


Bottled Water Consumption. The annual consumption 
of bottled water in the United States was 27.6 gal per 
person in 2006. This was an increase of 26 gal per person 
over the amount consumed in 1976. What was the 
annual consumption of bottled water in 1976? 

Source: Beverage Marketing Corporation 


Gasoline Cost. What is the cost, in dollars, of 12.6 gal of 
gasoline at $3.79 per gallon? Round the answer to the 
nearest cent. 


Lunch Costs. A group of 4 students pays $47.84 for 
lunch and splits the cost equally. What is each person’s 
share? 


Pole Vault Pit. Find the area and the perimeter of the 
landing area of the pole vault pit shown here. 


16.4 ft 


> 


|< 


16.4 ft 


Landing area 


Miles Driven. Petra bought gasoline when the 
odometer read 14,296.3. At the next gasoline purchase, 
the odometer read 14,515.8. How many miles had been 
driven? 


Gas Mileage. Henry filled his Honda's gas tank and 

noted that the odometer read 18,943.2. After the next 
filling, the odometer read 19,306.2. It took 13.2 gal to 

fill the tank. How many miles per gallon did the 

car get? 
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19. Chemistry. The water ina filled tank weighs 748.45 lb. 
One cubic foot of water weighs 62.5 lb. How many cubic 
feet of water does the tank hold? 


Find the perimeter of each figure. 


21. 23.8 cm 


8.9 cm 


4.7 cm 


18.6 cm 


22.1 cm 


25. Andrew bought a DVD of the movie Horton Hears a Who 
for his nephew for $23.99 plus $1.68 sales tax. He paid 
for it with a $50 bill. How much change did he receive? 
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20. Highway Routes. You can drive from home to work 
using either of two routes: 


Route A: Via interstate highway, 7.6 mi, with a speed 
limit of 65 mph. 


Route B: Via a country road, 5.6 mi, with a speed 
limit of 50 mph. 


Assuming you drive at the posted speed limit, which 
route takes less time? (Use the formula Distance = 
Speed X Time.) 


22. 104.8 yd 


111.9 yd 68.9 yd 


56.7 yd 


49.2 yd 


24, I 2.5 cm—> 


26. Claire bought a copy of the book Make Way for Ducklings 
for her daughter for $16.95 plus $0.85 sales tax. She paid 
for it with a $20 bill. How much change did she receive? 
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Find the length d in each figure. 


27. 


29. 


31. 


33. 


35. 


37. 


0.8 cm 0.8 cm 


Rinnai 


Calories Burned Mowing. A person weighing 150 Ib 
burns 7.3 calories per minute while mowing a lawn with 
a power lawnmower. How many calories would be 
burned in 2 hr of mowing? 

Source: The Handy Science Answer Book 


Holly had $1123.56 in her checking account. She used 
her debit card to make purchases of $23.82, $507.88, and 
$98.32. She then deposited a bonus check of $678.20. 
How much was in her account after these changes? 


A rectangular yard is 20 ft by 15 ft. The yard is covered 
with grass except for an 8.5-ft-square flower garden. 
How much grass is in the yard? 


Batting Average. Chipper Jones of the Atlanta Braves 
won the 2008 National League batting title with 160 hits 
in 439 times at bat. What part of his at-bats were hits? 
Give decimal notation rounded to the nearest 
thousandth. (This is a batting average.) 

Source: Major League Baseball 


Field Dimensions. The dimensions of a World Cup 
soccer field are 114.9 yd by 74.4 yd. The dimensions of a 
standard football field are 120 yd by 53.3 yd. How much 
greater is the area of a World Cup soccer field? 


World Cup Soccer Field 


28. 


30. 


32. 


34. 


36 


38. 


4.52 cm 


Lot A measures 250.1 ft by 302.7 ft. Lot B measures 
389.4 ft by 566.2 ft. What is the total area of the two lots? 


Natalie had $185.00 to spend for fall clothes: $44.95 was 
spent on shoes, $71.95 for a jacket, and $55.35 for pants. 
How much was left? 


Rita earns a gross paycheck (before deductions) of 
$495.72. Her deductions are $59.60 for federal income 
tax, $29.00 for FICA, and $29.00 for medical insurance. 
What is her take-home paycheck? 


Batting Average. Joe Mauer of the Minnesota Twins won 
the 2008 American League batting title with 176 hits in 
536 times at bat. What part of his at-bats were hits? Give 
decimal notation rounded to the nearest thousandth. 
Source: Major League Baseball 


Loan Payment. In order to make money on loans, 
financial institutions are paid back more money than 
they loan. Suppose you borrow $120,000 to buy a house 
and agree to make monthly payments of $880.52 for 

30 yr. How much do you pay back altogether? How much 
more do you pay back than the amount of the loan? 
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39. Egg Costs. A restaurant owner bought 20 dozen eggs 


for $25.80. Find the cost of each egg to the nearest tenth 
of a cent (thousandth of a dollar). 


41. Construction Pay. A construction worker is paid $18.50 


per hour for the first 40 hr of work, and time and a half, 
or $27.75 per hour, for any overtime exceeding 40 hr per 
week. One week she works 46 hr. How much is her pay? 


40. Weight Loss. A person weighing 170 lb burns 8.6 calo- 


ries per minute while mowing a lawn. One must burn 
about 3500 calories in order to lose 1 lb. How many 
pounds would be lost by mowing for 2 hr? Round to the 
nearest tenth. 


42. Summer Work. Zachary worked 53 hr during a week 


one summer. He earned $7.50 per hour for the first 40 hr 
and $11.25 per hour for overtime (hours exceeding 40). 
How much did Zachary earn during the week? 


43. Projected World Population. Using the information in the bar graph below, determine the average population of the world 


for the years 1950 through 2050. Round to the nearest thousandth of a billion. 


World Population (historical and projected) 


World population 
(in billions) 
oa 


*Projected 
SOURCE: U.S. Census Bureau 


44. Number of Volunteers. The table at right lists the 


number of Americans in various age groups who 
do volunteer work. What is the average number of 
volunteers in all the age groups shown? 
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NUMBER OF 
VOLUNTEERS 
(in millions) 


16-24yr 
25-34 yr 


35-44 yr 
45-54 yr 
55-64 yr 
65 yr and older 


SOURCE: U.S. Census Bureau 
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45. Body Temperature. Normal body temperature is 98.6°F. 46. Body Temperature. Normal body temperature is 98.6°F. 
A baby’s bath water should be 100°F. How many degrees The lowest temperature at which a patient has survived 
above normal body temperature is this? is 69°F. How many degrees below normal is this? 


Home-Cost Comparison. Use the table and the formula in Example 8 to do Exercises 47-54. In each of the following cases, find 
the value of the house in the new location. Round to the nearest dollar. 
Source: Coldwell Banker Real Estate Corporation 


a VALUE PRESENT LOCATION | NEW LOCATION 


47. $125,000 Dallas Miami 


48. $180,000 San Diego Key West 


$96,000 Juneau Orlando 


50. $300,000 Palo Alto Dallas 

51. $240,000 | Louisville Boston 

52. $160,000 Charlotte Sacramento 

53. $140,000 Chicago Tulsa 

54, $99,000 Boulder Orlando 

55. Cell-Phone Plan. In 2008, at&t offered an individual 56. Cell-Phone Plan. In 2008, at&t offered an individual 

cell-phone plan with 450 anytime minutes for a monthly cell-phone plan with 900 anytime minutes per month 
access fee of $39.99. Minutes in excess of 450 were for a monthly access fee of $59.99. Minutes in excess of 
charged at the rate of $0.45 per minute. In June, Leila 900 were charged at the rate of $0.40 per minute. One 
used her cell phone for 479 min. What was she month Jeff used his cell phone for 946 min. What was the 
charged? charge? 
Source: at&t Source: at&t 


IRS Driving Allowance. The Internal Revenue Service allowed a tax deduction of 50.5¢ per mile driven for business purposes 
from January 1, 2008, through June 30, 2008. In response to increasing gas prices, this deduction was increased to 58.5¢ per mile 
driven from July 1, 2008, through December 31, 2008. Use this information for Exercises 57 and 58. 

Source: Internal Revenue Service 


57. Sheila drove 3156 mi for business purposes between 58. Manolo drove 1250 mi for business purposes between 
January 1, 2008, and June 30, 2008. She drove an January 1, 2008, and June 30, 2008. He drove an 
additional 3678 mi between July 1, 2008, and Decem- additional 1872 mi between July 1, 2008, and Decem- 
ber 31, 2008. What deduction, in dollars, was she ber 31, 2008. What deduction, in dollars, was he 
allowed to take? allowed to take? 

59. Property Taxes. The Brunners own a house with an 60. Property Taxes. The Colavitos own a house with an 
assessed value of $165,500. For every $1000 of assessed assessed value of $184,500. For every $1000 of assessed 
value, they pay $8.50 in property taxes each year. How value, they pay $7.68 in property taxes each year. How 
much do they pay in property taxes each year? much do they pay in property taxes each year? 
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Skill Maintenance 


Add. 
2.5 1 1 5 7 
61. 4569 + 1766 [1.2 62.5% = 2: 63.4- 4+ 2- [2.4 64.24 — if 
69 66 [1.2a] 33 23al 3 > ([2-4b) af jo 23a 
Subtract. 
2 5 5 7 1 1 
65.5 > Te: 66. 4569 — 1766 [1.2 67.- >. 12 68.4-—- 2- [2.4 
3g 3b! [1.2c] 6 19 (23h! 3 a ad 
Simplify. [2.le] 
3225 125 325 625 
eae 0. | ieee 1265S 
a 6275 i 400 625 475 
Solve. 
73. Ifa water wheel made 469 revolutions at a rate of 74. Ifa bicycle wheel made 480 revolutions at a rate of 
163 revolutions per minute, for how long did it rotate? 663 revolutions per minute, for how long did it rotate? 
[2.5a] [2.5al 
75. Calories in Pie. A piece of pecan pie (j of a9-in. pie) 76. Calor ies in Turkey. Dark meat turkey contains 187 
has 502 calories. A piece of pumpkin pie has 316 calories. calories per 3.5-0z serving. White meat turkey contains 
How many more calories does a piece of pecan pie have 157 calories per 3.5-oz serving. How many more calories 
than a piece of pumpkin pie? [1.5a] per 3.5-o0z serving does the dark turkey meat contain 
than the white turkey meat? [1.5a] 
Synthesis 


77. Suppose you buy a half-dozen packs of basketball cards with a dozen cards in each pack. The cost is twelve dozen cents for 
each half-dozen cards. How much do you pay for the cards? 
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Summary and Review 


- 
Key Terms 


5347 


arithmetic numbers, p. 178 terminating decimal, p. 218 repeating decimal, p. 218 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. One thousand billion is one trillion. [3.3b] 


2. The number of decimal places in the product of two numbers is the product of the numbers 
of places in the factors. [3.3a] 


3. When we divide a number by 0.1, 0.01, 0.001, and so on, the quotient is larger than the divisor. [3.4a] 
4. For a fraction with a factor other than 2 or 5 in its denominator, decimal notation terminates. [3.5a] 


5. An estimate found by rounding to the nearest ten is usually more accurate than one found 
by rounding to the nearest hundred. [3.6a] 


Important Concepts 


Objective 3.1b Convert between decimal notation and fraction notation. 


Example Write fraction notation for 5.347. Practice Exercise 
5347 . Wri i i 93. 
5.347 5.347. 1. Write fraction notation for 50.93 
' nae 1000 
‘i 


3 decimal places Move3places 3 zeros 


to the right. 


Example Write decimal notation for 1000" Practice Exercise 
817 
29 2. Write decimal notation for —_. 
000 0.029. 10 
‘ ed 
3 zeros Move 3 places to the left. 
29 
——— = 0.02 
1000 anes 
: ‘ : 63 ‘ , 
Example Write decimal notation for 4700" Practice Exercise 
159 
63 63 63 3. Write decimal notation for 42——.. 
+ 4 =4, 
4700 4 100 and +59 63 1000 
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a 


Objective 3.1d Round decimal notation to the nearest thousandth, hundredth, tenth, one, ten, hundred, or thousand. 


Example Round 19.7625 to the nearest hundredth. Practice Exercise 


Locate the digit in the hundredths place, 6. Consider 4. Round 153.346 to the nearest hundredth. 
the next digit to the right, 2. Since that digit, 2, is 4 or 
lower, round down. 


19.7625 


1 


19.76 


Objective 3.2a Add using decimal notation. 


Example Add: 14.26 + 63.589. Practice Exercise 


1 a6 5. Add: 5.54 + 33.071. 
14.260 Writing an extra zero 


+63.589 
77.849 


Objective 3.2b Subtract using decimal notation. 


Example Subtract: 67.345 — 24.28. Practice Exercise 
214 6. Subtract: 221.04 — 13.192. 
67.3 45 
— 24.2 80 Writing an extra zero 
43.0 65 


Objective 3.3a Multiply using decimal notation. 


Example Multiply: 1.8 x 0.04. Practice Exercise 
1.8 (1 decimal place) 7. Multiply: 5.46 x 3.5. 
x 0.0 4 (2 decimal places) 
0.0 7 2 (3 decimal places) 


Example Multiply: 0.001 xX 87.1. Practice Exercise 
0.001 x 87.1 0.087.1 8. Multiply: 17.6 x 0.01. 
4) es 


3 decimal places Move 3 places to the left. 
We write an extra zero. 


0.001 X 87.1 = 0.0871 


Example Multiply: 63.4 x 100. Practice Exercise 
63.4 < 100 63.40. 9. Multiply: 1000 x 60.437. 


* 


2 zeros Move 2 places to the right. 
We write an extra zero. 


63.4 x 100 = 6340 
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a 
Objective 3.4a Divide using decimal notation. 
Example Divide: 21.35 = 6.1. 


3.5 
6.1 | 2 1.3,5 
98 
305 
305 


0 


16.7 
1000° 


Example Divide: 


16.7 


ae 016.7 
1000 oO 


3 zeros Move 3 places to the left. 


16.7 

——~ = 0.0167 

1000 ad 

42.93 
0.001" 


Example Divide: 


42.93 


42.930. 
0.001 \Ft 


3 decimal places Move 3 places to the right. 


42.93 


<= = 42, 
0.001 ini 


Review Exercises 


Convert the number in each sentence to standard notation. 
[3.3b] 


1. Russia has the largest total area of any country in the 
world, at 6.59 million square miles. 


2. Americans eat more than 3.1 billion lb of chocolate 
each year. 
Source: Chocolate Manufacturers’ Association 


Practice Exercise 
10. Divide: 26.64 + 3.6. 


Practice Exercise 


47 
11. Divide; “4, 
BE 56 


Practice Exercise 


156.9 


12. Divide: , 
ivide 0.01 


Write aword name. [3.1a] 
3. 3.47 4. 0.031 
5. 27.0001 6. 0.9 
Write fraction notation. [3.1b] 
7. 0.09 8. 4.561 
9. 0.089 10. 3.0227 
Write decimal notation. [3.1b] 
11. 34 12. 42,603 
1000 10,000 
91 6 
13. 27700 14. 8677 O00 
Which number is larger? [3.1c] 
15. 0.034, 0.0185 16. 0.91, 0.19 
17. 0.741, 0.6943 18. 1.038, 1.041 
Round 17.4287 to the nearest: [3.1d] 


19. Tenth. 20. Hundredth. 


21. Thousandth. 22. One. 


Summary and Review: Chapter 3 


249 


y 


Add. [3.2a] 
23. 2.048 
65.3 7 1 
+30 7.1 


25..219.3. + 2.8: °7 


Subtract. [3.2b] 


27. 30.0 
- 0.7908 


29. 37.645 — 8.497 
Multiply. [3.3a] 


31. 48 
x 0.2 7 


33. 100 x 0.043 


Divide. [3.4a] 


35.8 ) 6 0 


276.3 


aye 1000 


Solve. [3.2c], [3.4b] 


43. 10. y = 425.4 


Solve. [3.7a] 


wage? 


37.2.6) 117.52 


Al. x + 51.748 = 548.0275 


24. 


26. 


28. 


30. 


32. 


34. 


36. 


44, 


0.6 
0.004 
0.0 7 


+0.0098 


0.41 + 4.1 + 41 + 0.041 


8 45.0 8 
- 54.79 


70.8 — 0.0109 


0.174 
x 0.83 


0.001 x 24.68 


52) 23.4 


.2.14)2.18708 


13.892 
0.01 


~ 3° x = 20.85 


0.0089 + y=5 


45. Stacia earned $620.80 working as a coronary intensive- 
care nurse during a 40-hr week. What is her hourly 


46. 


47. 


48. 


49. 


50. 


Nutrition. The average person eats 688.6 lb of fruits 
and vegetables in a year. What is the average consump- 
tion in one day? (Use 1 year = 365 days.) Round to the 
nearest tenth of a pound. 

Source: U.S. Department of Agriculture 


Derek had $1034.46 in his checking account. He used 
his debit card to buy a Wii game system for $249.99. 
How much was left in his account? 


Cell-Phone Plan. n 2008, at&t offered its FamilyTalk 
cell-phone plan with 2 lines and 700 anytime min- 
utes for a monthly access fee of $69.99. Minutes in 
excess of 700 were charged at the rate of $0.45 per 
minute. One month, Mr. and Mrs. Wu used their cell 
phones for 925 min. What was the charge? 


Source: at&t 


Gas Mileage. Ellie wants to estimate the gas mileage 
of her car. At 36,057.1 mi, she fills the tank with 10.7 
gal. At 36,217.6 mi, she fills the tank with 11.1 gal. Find 
the mileage per gallon. Round to the nearest tenth. 


Seafood Consumption. The graph below shows the 

annual consumption, in pounds, of seafood per person 

in the United States in recent years. 

a) Find the total consumption per person for the 
seven years. 

b) Find the average consumption per person for the 
years shown, rounded to the nearest tenth. 


Seafood Consumption 


20 SS 


14.9 14.8 


a > 3 
25 LA +e 
is 


1980 1990 1995 2000 2003 2004 2005 
Year 
SOURCE: U.S. Department of Agriculture 


Average number of 
pounds per person 
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( 
Estimate each of the following. [3.6a] 68. (1 + 0.07)? + 10% + 102 


51. The product 7.82 x 34.487 by rounding to the nearest + [4(10.1 — 5.6) + 8(11.3 — 7.8)] 


one 


52. The difference 219.875 — 4.478 by rounding to the 3 
nearest one 69. ri x 20.85 


53. The sum $45.78 + $78.99 by rounding to the nearest 


one 
346.295 
70. Divide: : A 
0. Divide 0.001 [3.4a] 
. : F rer A. 0.346295 B. 3.46295 
Find d al notation. U: Itipl byl. [38.5 i 
ind decimal notation. Use multiplying by [3.5a] C. 34,629.5 D. 346,295 
13 9 11 
54, 35 55. 20 56. 7 
Find decimal notation. Use division. [3.5a] 71. Estimate the quotient 82.304 + 17.287 by rounding to 
the nearest ten. [3.6a] 
13 7 17 
57. ri 58. 6 59. i A. 0.4 B. 4 
C. 40 D. 400 

Round the answer to Exercise 59 to the nearest: [3.5b] 
60. Tenth. 61. Hundredth. 62. Thousandth. 

Synthesis 

72. #3 In each of the following, use one of +, —, X, and + 
Convert from cents to dollars. [3.3b] in each blank to make atrue sentence. [3.4c] 
63. 8273¢ 64. 487¢ a) 2.56 [_] 6.4 (_] 51.2 [J 17.4 [] 89.7 = 72.62 


b) (11.12 [J 0.29) [-] 34 = 877.23 


Convert from dollars to cents. [3.3b] 
65. $24.93 66. $9.86 


73. Use the fact that } = 0.3 to find repeating decimal 
notation for 1. Explain how you got your answer. 


Calculate. [3.4c], [3.5c] [3.5a] 
67. (8 — 1.23) + 4+ 5.6 Xx 0.02 


Understanding Through Discussion and Writing 


1. Describe in your own words a procedure for converting 3. When is long division not the fastest way to convert 
from decimal notation to fraction notation. [3.1b] from fraction notation to decimal notation? [3.5a] 

2. Astudent insists that 346.708 x 0.1 = 3467.08. How 4. Consider finding decimal notation for ;$4. Discuss as 
could you convince him that a mistake had been made many ways as you can for finding such notation and 
without checking on acalculator? [3.3a] give the answer. [3.5a] 

x dj 


Summary and Review: Chapter 3 251 
| 


For Extra Help 


Test yA » Te st Pr Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
o) lest Frep on DVD, in Mymathiab\) _ and on Youll) (search “BittingerDevMath” and click on “Channels"). 


Convert the number in each sentence to standard notation. 


1. The United States issued 18.4 million passports in 2007, 2. An ethanol boom helped to deliver a corn crop ofa 
an all-time high, due in part to new rules requiring a record 13.1 billion bushels in 2007. 
passport for travel to Canada and Mexico. Source: U.S. Department of Agriculture 


Source: Associated Press 


Write a word name. 
BL Avi 4. 105.0005 


Write fraction notation 
a, OSI 6. 2.769 


Write decimal notation. 


74 37,047 9 703 
Saar b SiO Oleamon 105 Sl 
1000 £ 10,000 fee 100 ae 1000 


i 


Which number is larger? 
11. 0.07, 0.162 12. 0.078, 0.06 13. 0.09, 0.9 


Round 5.6783 to the nearest: 


14. One. 15. Hundredth. 
16. Thousandth. 17. Tenth. 
Calculate 
18. (ORV, US) We se Gl ae 76) 
0.0 8 
0.009 
ar U0 @ i 2 
20. 0.93 + 9.3 + 93 + 930 Zl, & 2.6 7 8 
= ALS) 2 il 
22. 2700 23. 234.6788 — 81.7854 
= O98 098 9 
24. OU 2S 25. 0.001 X 213.45 
x 0.2 4 
26. 1000 X 73.962 227 Hh ) il §) 
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28.3.3) 100.3 2 


346.89 
1000 


Solve. 
32. 4.8 - y = 404.448 


34. Cell-Phone Plan. n 2008, at&t offered its FamilyTalk 
cell-phone plan with 2 lines and 1400 anytime minutes 
for a monthly access fee of $89.99. Minutes in excess of 
1400 were charged at the rate of $0.40 per minute. One 
month, Mr. and Mrs. Tews used their cell phones for 
1510 min. What was the charge? 

Source: at&t 


36. Checking Account Balance. Nicholas has a balance of 
$820 in his checking account before making purchases 
of $123.89, $56.68, and $46.98 with his debit card. What 
was the balance after the purchases had been made? 


29.82) 15.58 


Sieh 36 ae (OME) — ©) 


35. Gas Mileage. Tina wants to estimate the gas mileage in 
her economy car. At 76,843 mi, she fills the tank with 
14.3 gal of gasoline. At 77,310 mi, she fills the tank with 
16.5 gal of gasoline. Find the mileage per gallon. Round 
to the nearest tenth. 


37. The office manager for the Drake, Smith, and Hartner 
law firm buys 7 cases of copy paper at $41.99 per case. 
What is the total cost? 


38. Busiest Airports. The graph below shows the numbers of passengers in 2007 who traveled through the country’s busiest 
airports. Find the average total number of passengers through these airports. 


Busiest Airports in the United States 


Atlanta (Hartsfield) | 
Chicago (O'Hare) 


Los Angeles (RSF Siem eeeem-3 1.9 
Dallas/Fort Worth (ger Same emer 9:59, g 
_Y Denver EE 19.9 


= u v 20 30 40 50 60 70 80 90 


S35) | 


SOURCE: Airports Council International 


Passengers (in millions) 
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Estimate each of the following. 


39. The product 8.91 x 22.457 by rounding to the nearest 
one 


Find decimal notation. Use multiplying by 1. 
a EP 


AN Nam 42. — 
20 25 


Find decimal notation. Use division. 
3} MAL 


44, — 495 
4 9 


Round the answer to Exercise 46 to the nearest: 
47. Tenth. 48. Hundredth. 


Calculate. 
AY, 2X9 32 oe 2 IES se SWS Ss OOP 


51. (1 — 0.08)? + 6[5(12.1 — 8.7) + 10(14.3 — 9.6)] 


@ 
52. 3 X 345.6 


53. Convert from cents to dollars: 949¢. 
A. 0.949¢ B. $9.49 C. $94.90 D. $949 


Synthesis 


54. The Silver’s Health Club charges a $79 membership fee 
and $42.50 a month. Allise has a coupon that will allow 
her to join the club for $299 for six months. How much 
will Allise save if she uses the coupon? 
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40. The quotient 78.2209 + 16.09 by rounding to the 
nearest ten 


49. Thousandth. 


55. Arrange from smallest to largest. 
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4.3 Percent Notation and 
Fraction Notation 


4.4 Solving Percent Problems 
Using Percent Equations 


4.5 Solving Percent Problems 
Using Proportions 


MID-CHAPTER REVIEW 
4.6 Applications of Percent 
TRANSLATING FOR SUCCESS 


4.7 Sales Tax, Commission, 
and Discount 


4.8 Simple Interest and Compound 
Interest; Credit Cards 


at 
ecceee ’ 


ees. 


é, 
7 


i 
rv 


i 
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| 


SUMMARY AND REVIEW 
TEST 


Real-World Application 


The Dow Jones Industrial Average (DJIA) plunged from 11,143 to 10,365 on 


September 29, 2008. This was the largest one-day drop in its history. What was the 
percent of decrease? 


Sources: Nightly Business Reports, September 29, 2008; DJIA 


This problem appears as Example 3 in Section 4.6. 


255 


SKILL TO REVIEW 
Objective 2.1e: Simplify fraction 
notation. 


Simplify. 
16 


1. — 
64 


1. Find the ratio of 5 to 11. 


2. Find the ratio of 57.3 to 86.1. 


2 
3. Find the ratio of 6 to a 


Answers 


Skill to Review: 
i. 22 
4 3 


Margin Exercises: 


5 57.3 
I. TW or5:11 2. 86.1’ or 57.3:86.1 


6; 32 
2 or6 Te 
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! EXAMPLE 2 Record Rainfall. The greatest 


(a) Ratios 
ce 


Aratio is the quotient of two quantities. 


In the 2007-2008 regular basketball season, the Boston Celtics scored a 
total of 8245 points and allowed their opponents a total of 7404 points. The 
ratio of points scored to points allowed is given by the fraction notation 

8245 <— Points scored 


by th 1 tati 8245: 7404. 
7404 <— Points allowed or by the colon notation 


We read both forms of notation as “the ratio of 8245 to 7404.” 


RATIO NOTATION 


The ratio of a to b is given by the fraction notation f, where a is the 
numerator and b is the denominator, or by the colon notation a: b. 


! EXAMPLE 1 Find the ratio of 31.4 to 100. 


31.4 
The ratio is ~—, 31.4: 100. ) 
e ratio 1s 100 or 


Do Margin Exercises 1-3. } 


In most of our work, we will use fraction notation for ratios. 


rainfall ever recorded in the United States during 
a 12-month period was 739 in. in Kukui, Maui, 
Hawaii, from December 1981 to December 1982. 
What is the ratio of amount of rainfall, in inches, to 
time, in months? of time, in months, to amount of 
rainfall, in inches? 
Source: Time Almanac 

The ratio of amount of rainfall, in inches, 
to time, in months, is 


739 <— Rainfall 
12 °<—Time 
The ratio of time, in months, to amount of rainfall, in inches, is 


12 =< Time 
739° <— Rainfall ) 


| EXAMPLE 3 Refer to the triangle below. 


a) What is the ratio of the length of the longest side to the length of the short- 


est side? 


5 <— Longest side 
3 <— Shortest side 


b) What is the ratio of the length of the shortest side to the length of the 


longest side? 


3 <— Shortest side 
5 <— Longest side b 


. EXAMPLE 4. Shark Attacks. 


Do Exercises 4-6. 


Of the 71 shark attacks recorded worldwide 


in 2007, 50 occurred in U.S. waters. The bar graph below shows the break- 


down by state. 


Shark Attacks in U.S. Waters 
40 a ee 


Number of attacks 


30 
20 
10 
0 
Ke) S) Ke) 
S 
& & & 
x x 
Se oO 
s = 
State 


SOURCE: University of Florida 


a) What is the ratio of the number of shark attacks in U.S. waters to the num- 
ber of shark attacks worldwide? 

b) What is the ratio of the number of shark attacks in North Carolina to the 
number of shark attacks in South Carolina? 

c) What is the ratio of the number of shark attacks in Florida to the total 
number of shark attacks in the other five states? 


4. Record Snowfall. The greatest 
snowfall recorded in North 
America during a 24-hr period 
was 76 in. in Silver Lake, 
Colorado, on April 14-15, 1921. 
What is the ratio of amount of 
snowfall, in inches, to time, in 
hours? 

Source: U.S. Army Corps of Engineers 

5. Frozen Fruit Drinks. 

A Berries & Kreme Chiller from 

Krispy Kreme contains 960 calories, 

while Smoothie King’s MangoFest 

drink contains 258 calories. What 

is the ratio of the number of 

calories in the Krispy Kreme drink 

to the number of calories in the 

Smoothie King drink? of the 

number of calories in the Smoothie 

King drink to the number of calo- 

ries in the Krispy Kreme drink? 

Source: Physicians Committee for 

Responsible Medicine 


° 


6. In the triangle below, what is the 
ratio of the length of the shortest 
side to the length of the longest 
side? 


Answers 
4, 8 960258, 38.2 
"24 * 258’ 960 "55.5 
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a) The ratio of the number of shark attacks in U.S. waters to the number of 


7. Soap Box Derby. Of the 538 shark attacks worldwide is 
participants in the 2008 All- 
American Soap Box Derby, 296 50 <— Attacks in U.S. waters 
were boys and 242 were girls. 71° — Attacks worldwide 
What was the ratio of girls to 
boys? of boys to girls? of boys to b) The ratio of the number of shark attacks in North Carolina to the number 
total number of participants? of shark attacks in South Carolina is 


Source: All-American Soap Box Derby 


2 <— Attacks in North Carolina 


5° < Attacks in South Carolina 


c) Ofthe 50 shark attacks in U.S. waters, 32 occurred in Florida. We sub- 
tract to determine how many shark attacks took place in the other five 
states. We have 

50 — 32 = 18. 
Thus the ratio of the number of shark attacks in Florida to the 
number of shark attacks in the other five states is 


32 <— Attacks in Florida 


18° <— Attacks in other five states , 


Do Exercise 7. 


_ EXAMPLE 5 Find the ratio of 2.4 to 10. Then simplify to find two other 
numbers in the same ratio. 


We first write the ratio in fraction notation. Next, we multiply by 1 to clear 


RO EMd Reta a GEalenoe nen the decimal from the numerator. Then we simplify. 


simplify to find two other 24 24 10 24 #4:6 4 6 = 6 
numbers in the same ratio. 10. 10 , ii. 100 95 CA . 25 25 

9. Find the ratio of 1.2 to 1.5. Then Thus the ratio of 6 to 25 is the same as the ratio of 2.4 to 10. [ 
simplify to find two other 


numbers in the same ratio. Do Exercises 8 and 9. 


| EXAMPLE 6 An HDTVscreen that measures 46 in. diagonally has a width 
of 40 in. and a height of 223 in. Find the ratio of width to height and simplify. 


40 in. 


10. An HDTV screen that measures 
44 in. diagonally has a width of 
38.4 in. and a height of 21.6 in. 


Find the ratio of height to width 40 40 40 10 400 25-16 25 16 16 
and simplify. The ratio is 


21 22.5 22.5 10 225 25:9 25 9 9° 
Thus we can say that the ratio of width to height is 16 to 9, which can also be 
Answers expressed as 16:9. l 
242 296 296 


7. 296" 242° 538 8. 3.6 is to 12 as 3 is to 10. Do Exercise 10. 


9 
9. 1.2isto1.5as4isto5. 10. Te’ or 9:16 
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b) Rates 


A 2008 Kia Sportage EX can travel 414 mi on 18 gal of gasoline. Let’s consider 
the ratio of miles to gallons: 
Source: Kia Motors America, Inc. 
414mi 414 miles — 23 miles 
18 gal 18 gallon 1 gallon 
= 23 miles Je gallon = 23 mpg. 


“per” means “division,” or “for each.” 


The ratio 


414 mi Be 414 mi 
18 gal’ 18 gal’ 


is called a rate. 


When a ratio is used to compare two different kinds of measure, we call 
it a rate. 


Suppose David says his car travels 392.4 mi on 16.8 gal of gasoline. Is the 
mpg (mileage) of his car better than that of the Kia Sportage above? To deter- 
mine this, it helps to convert the ratio to decimal notation and perhaps 
round. Then we have 


392.4miles 392.4 
16.8 gallons 16.8 


mpg © 23.357 mpg. 
Since 23.357 > 23, David’s car gets better mileage than the Kia Sportage does. 


EXAMPLE 7 It takes 60 oz of grass seed to seed 3000 sq ft of lawn. What is 
the rate in ounces per square foot? 


60 oz 1 oz 
3000sqft 50 sqft’ 


or 0.02 ~~ 
sq ft 


EXAMPLE 8 Martina bought 5 lb of organic russet potatoes for $4.99. 
What was the rate in cents per pound? 
$4.99 499 cents 


ob a 


EXAMPLE 9 A pharmacy student employed as a pharmacist’s assistant 
earned $3930 for working 3 months one summer. What was the rate of pay per 
month? 


The rate of pay is the ratio of money earned to length of time worked, or 


$3930 dollars 
= 131 , 
3 mo month 


or $1310 per month. 


Do Exercises 11-15. 


A ratio of distance traveled to time is 
called speed. What is the rate, or 
speed, in miles per hour? 


11. 45 mi, 9 hr 
12. 120 mi, 10 hr 


What is the rate, or speed, in feet per 
second? 


13. 2200 ft, 2 sec 
14. 52 ft, 13 sec 


15. Babe Ruth. In his baseball 
career, Babe Ruth had 1330 
strikeouts and 714 home runs. 
What was his home-run to 
strikeout rate? 

Source: Major League Baseball 


Answers 


11. 5mi/hr,or5mph 12. 12 mi/hr, or 
12mph_ 13. 1100ft/sec 14. 4 ft/sec 

4 
15. oss home runs per strikeout ~ 0.537 home 


run per strikeout 
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AVOID DISTRACTIONS 


Dont allow yourself to be 


distracted from your studies by 
electronic “time robbers” such as 
video games, the Internet, and 
television. Be disciplined and 
study first. Then reward yourself 
with a leisure activity if there is 


enough time in your day. 
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CHAPTER 4 


Percent Notation 


(¢) Proportions 


Suppose we want to compare a and 2 First, we find a common denominator. To 
do this, we multiply each fraction by 1, using the denominator of the other frac- 
tion to form the symbol for 1. We multiply? by and A by &. 


ee ee ee 
' ee ee 
. 6 4 G4 oF i a al 
2 26 2-6 12 ‘ 
- Piette 
4 46 4-6 24 ee 


Once we have a common denominator, 24, we compare the numerators. And 
since these numerators are both 12, the fractions are equal. 
Note in the preceding that if 
3 


2 
6 then 3°-4=6-2. 


This tells us that we need to check only the products 3 - 4 and 6 - 2 to com- 
pare the fractions. 


A TEST FOR EQUALITY 


We multiply these two We multiply these two 
numbers: 3 - 4. numbers: 6 - 2. 


3} 2) 
eo: 


We call3 - 4 and6 - 2 cross products. Since the cross products are the 
same—that is, 3 - 4 = 6 - 2—we know that 


When two pairs of numbers, such as 3, 6 and 2, 4, have the same ratio, we 
say that they are proportional. The equation 


states that the pairs 3, 6 and 2, 4 are proportional. Such an equation is called 
a proportion. We sometimes read # = 4 as “3 is to 6 as 2 is to 4.” 


EXAMPLE 10 Determine whether 1, 2 and 3, 6 are proportional. 
We can use cross products: 


1-6=6 “=== 2-3=6,. 
Daf 
Since the cross products are the same, 6 = 6, we know that 3 = 3, so the num- 
bers are proportional. | 


i 


EXAMPLE 11 
We can use cross products: 


Determine whether 2, 5 and 4, 7 are proportional. 


Since the cross products are not the same, 14 # 20, we know that é # 4, so yu 
numbers are not proportional. 


Do Exercises 16-18. 


(d) Solving Proportions 


Let’s now look at solving proportions. Consider the proportion 


One way to solve a proportion is to use cross products. Then we can divide on 
both sides to get the variable alone: 


es 
3 6 
x°6=3-4 Equating cross products (finding cross products and 
setting them equal) 
-6 3:4 
a — Dividing by 6 on both sides 
3-4 12 
x =—=—=2., 
6 6 


We can check that 2 is the solution by replacing x with 2 and finding cross 
products: 


2-6= 12 > SS 3-4= 12. 
3) ge (8) 


Since the cross products are the same, it follows that 3 = {. Thus the pairs of 
numbers 2, 3 and 4, 6 are proportional, and 2 is the solution of the equation. 


SOLVING PROPORTIONS 


c aan ; 
—, equate cross products and divide on both sides to get 


x 
To solve = = 
SON A a 


x alone. 


Do Exercise 19. 


Determine whether the two pairs of 
numbers are proportional. 


16. 3,4 and 6,8 
17. 1,4 and 10, 39 


18. 1,2 and 20, 39 


LEARN FROM YOUR 
MISTAKES 


When your instructor returns a 
graded homework assignment, 
quiz, or test, take time to review 
it and understand the mistakes 
that you made. Be sure to ask 
your instructor for help if you 
can’t see what your mistakes are. 
We often learn much more from 
our mistakes than from the things 
we do correctly. 


G 2 
Ii === 
19. Solve: mi 


Answers 


16. Yes 17. No 18. No 19. 14 
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' EXAMPLE 12 Solve: - = 2 Write a mixed numeral for the answer. 


We have 
me 
7 3 
x°3=7:5 Equating cross products 
-3 27:5 
— => _ Dividing bys 
7:5 35 2 
- = —, orll-. 
x 3 qrorll, 


eB The solution is 11. 
20. Solve: 9 7 Write a mixed 


numeral for the answer. Do Exercise 20. 
dil y 
EXAMPLE 1 lve: —— = —-~. 
; a SONG 54 30 
We have 
ae 2 
15.4 2.2 


7.7 X2.22= 15.4 x y Equating cross products 
7.7X2.22 154 y 


154 154 Dividing by 15.4 
7.7 X 2.2 | 
154) 
esis =y Multiplying 
15.4 
1 
ll=y. Dividing: 1 5.4 1 6.9 4 
\A 154 
154 
154 
0 


The solution is 1.1. 


5 
' EXAMPLE 14 Solve: . = 3 Write decimal notation for the answer. 


We have 
es 
x. 33 
21. Solve: a = ae 8-3=x-5 Equating cross products 
=x Dividing by 5 
22. Solve: 6 = ca Write decimal 
Xela 24 —e 
notation for the answer. — x Multiplying 
4.8 = x. Simplifying 


The solution is 4.8. 
Answers 


20. ua 21. 10.5 22. 2.64 Do Exercises 21 and 22. 
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3.4 10 


EXAMPLE 1 ee 2s, 
y OIG Fag 
3.4 _ 10 
493 on 


3.4 X n = 4.93 x 10 Equating cross products 
3.4xXn 4.93 X 10 


7 aa ea Dividing by 3.4 
ae 4.93 X 10 
3.4 
49.3 
n= aA Multiplying 
n= 145. Dividing 
The solution is 14.5. i 


Do Exercise 23. 


(e) Applications and Problem Solving 


Proportions have applications in such diverse fields as business, chemistry, 
health sciences, and home economics, as well as in many areas of daily life. 
Proportions are useful in making predictions. 


\» EXAMPLE 16 Predicting Total Distance. Donna drives her delivery van 
800 mi in 3 days. At this rate, how far will she drive in 15 days? 
1. Familiarize. We let d = the distance traveled in 15 days. 


2. Translate. We translate to a proportion. We make each side the ratio 
of distance to time, with distance in the numerator and time in the 
denominator. 


Distance in 15days—> d _ 800 <— Distance in 3 days 
Time — 15 3 <— Time 


It may help to verbalize the proportion above as “the unknown distance 
dis to 15 days as the known distance 800 mi is to 3 days.” 


3. Solve. Next, we solve the proportion: 


3-d= 15-800 Equating cross products 


3-d_ 15-800 
ae Dividing by 3 on both sides 
15 - 800 
d= 
3 
d = 4000. Multiplying and dividing 


4. Check. We substitute into the proportion and check cross products: 
4000 _ 800. 
15 a” 
4000 - 3 = 12,000; 15 - 800 = 12,000. 
The cross products are the same. 
5. State. Donna will drive 4000 mi in 15 days. j 


Do Exercise 24. 


0.4 
23. Solve: —- = —_. 


24, Burning Calories. The readout 
on Mary’s treadmill indicates 
that she burns 108 calories when 
she walks for 24 min. How many 
calories will she burn if she 
walks at the same rate for 

30 min? 


Answers 
23. 10.8 24. 135 calories 
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| EXAMPLE 17 Recommended Dosage. To control a fever, a doctor sug- 
gests that a child who weighs 28 kg be given 320 mg of a liquid pain reliever. If 
the dosage is proportional to the child’s weight, how much of the medication 
is recommended for a child who weighs 35 kg? 


RAAT AR (0 So AER 
STUDY TIPS 


RELYING ON THE 
ANSWER SECTION 


Dont begin solving a homework 
problem by working backward 
from the answer in the answer 
section at the back of the text. If 
you are having trouble getting the 


1. Familiarize. We let t = the number of milligrams of the liquid pain 


correct answer to an exercise, you reliever. 
might need to reread the section 2. Translate. We translate to a proportion, keeping the amount of medica- 
preceding the exercise set, paying tion in the numerators. 


particular attention to the exam- 
ple that corresponds to the type of 
exercise you are doing, and/or 
work more slowly and carefully. 3. Solve. Next, we solve the proportion: 
Keep in mind that when you take 
quizzes and tests you have no 


Medication suggested —> 320 ft <— Medication suggested 
Child’s weight —> 28 35 <— Child’s weight 


320-35 = 28-f Equating cross products 


answer section to rely on. i ie diieee toon baiksties 
28 28 
320 - 35 = 
28 
400 = ¢. Multiplying and dividing 


4. Check. We substitute into the proportion and check cross products: 


320 400 

25. Determining Paint Needs. 8 35° 
Lowell and Chris run a summer 
painting company to pay for 320 - 35 = 11,200; 28 - 400 = 11,200. 
their college expenses. They can 
paint 1600 ft? of clapboard with 
4 gal of paint. How much paint 5. State. The dosage for a child who weighs 35 kg is 400 mg. b 
would be needed for a building 


with 6000 ft? of clapboard? Do Exercise 25. 


| EXAMPLE 18 Purchasing Tickets. Carey bought 8 tickets to an interna- 
tional food festival for $52. How many tickets could she purchase with $902 


The cross products are the same. 


1. Familiarize. We let n = the number of tickets that can be purchased 
with $90. 


2. Translate. We translate to a proportion, keeping the number of tickets 
in the numeratotrs. 


Tickets > 8 _ n <—Tickets 
Cost —> 52. 90 <— Cost 


Answer 
25. 15 gal 
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3. Solve. Next, we solve the proportion: 


52-n= 8-90 Equating cross products 


52-n 8-90 ee siaies P 
a Dividing by 52 on both sides 
_ 8-90 
52 


n = 13.8. Multiplying and dividing 


Because it is impossible to buy a fractional part of a ticket, we must 
round our answer down to 13. 


4. Check. Asa check, we use a different approach: We find the cost per 
ticket and then divide $90 by that price. Since 52 + 8 = 6.50 and 


90 + 6.50 ~ 13.8, we have a check. 26. Purchasing Shirts. If 2 shirts 
5. State. Carey could purchase 13 tickets with $90. b can be bought for $47, how 
many shirts can be bought with 


Do Exercise 26. $2002 


' EXAMPLE 19 Construction Plans. Architects make blueprints of projects 
to be constructed. These are scale drawings in which lengths are in propor- 
tion to actual sizes. The Hennesseys are adding a rectangular deck to their 
house. The architectural blueprints are rendered such that } in. on the draw- 
ing is actually 2.25 ft on the deck. The width of the deck on the drawing is 
4.3 in. How wide is the deck in reality? 


1. Familiarize. We let w = the width of the deck. 
2. Translate. Then we translate to a proportion, using 0.75 for? in. 


Measure on drawing —> 0.75 _ 4.3 <— Width on drawing 
Measure on deck —> 2.25 ~=w <— Width on deck 
3. Solve. Next, we solve the proportion: 
0.75 X w= 2.25 X 4.3 Equating cross products 


.75 X 2.25 X 4. 
REESE AAen g Dividing by 0.75 on both sides 


0.75 0.75 
2.25 X 4.3 
0 0.75 
w = 12.9. 
Answer 
26. 8 shirts 
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27. Construction Plans. In 
Example 19, the length of the 
actual deck is 28.5 ft. What is 
the length of the deck on the 
blueprints? 


28. Estimating a Deer Population. 
To determine the number of 
deer in a forest, a conservation- 
ist catches 153 deer, tags them, 
and releases them. Later, 62 deer 
are caught, and it is found that 
18 of them are tagged. Estimate 
how many deer are in the forest. 


Answers 
27. 9.5in. 28. 527 deer 
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4. Check. We substitute into the proportion and check cross products: 
0.75 4.3 
225. 129 
0.75 X 12.9 = 9.675; 2.25 X 4.3 = 9.675. 
The cross products are the same. 
5. State. The width of the deck is 12.9 ft. p 


Do Exercise 27. 


EXAMPLE 20 Estimating a Wildlife Population. To determine the num- 
ber of fish in a lake, a conservationist catches 225 fish, tags them, and throws 
them back into the lake. Later, 108 fish are caught, and it is found that 15 of 
them are tagged. Estimate how many fish are in the lake. 


1. Familiarize. We let F = the number of fish in the lake. We assume that 
the ratio of the number of tagged fish to the total number of fish in the 
lake is the same as the ratio of the number of tagged fish caught later to 
the total number of fish caught later. 


2. Translate. We translate to a proportion as follows: 


Fish tagged originally —> 225 15 <— Tagged fish caught later 
Fishinlake > F  108’<— Fish caught later 


3. Solve. Next, we solve the proportion: 


225-108 = F- 15 Equating cross products 
225-108 F-15 


Dividing by 15 on both sides 


15 15 
225 - 108 
ons =F 
15 
1620 = F. Multiplying and dividing 


4. Check. We substitute into the proportion and check cross products: 


225 15 


1620 108’ 
225 + 108 = 24,300; 1620-15 = 24,300. 
The cross products are the same. 
5. State. We estimate that there are 1620 fish in the lake. ) 


Do Exercise 28. 


‘ For Extra Help rae EZ q — -» 
Exercise Set MyMathLab\) et! Ee. se 


(a) Find fraction notation for each ratio. You need not simplify. 


1. 178 to 572 2. 3to2 3 5 4. 456.2 to 333.1 
3. 8— to 9— 
4 6 
5. Space Plane. Itis estimated that it will take 4 hr to fly 6. Population Estimates. Itis estimated that, of every 
from London to Sydney on the beyond-the-atmosphere 1000 people in the United States in 2050, 118 will be age 
space plane being developed in Europe. This 10,600-mi 75 and older. What is the ratio of all people to those 
trip currently takes about 21 hr. What is the ratio of the age 75 and older? of those age 75 and older to all 
time of the current trip to the time of the trip on the people? 
space plane? of the time of the trip on the space plane Source: U.S. Census Bureau 


to the time of the current trip? 
Source: EADS Atrium 


Find the ratio of the first number to the second and simplify. 


7. 4to6 8. 28 to 36 9. 2.8 to 3.6 10. 5.6 to 10 
11. In this rectangle, find the ratios of length to width and of 12. In this right triangle, find the ratios of shortest length to 
width to length. longest length and of longest length to shortest length. 
478 ft 
107.3m 
213 ft 47.5m 
96.2m 


In Exercises 1-4, find each rate, or speed, as a ratio of distance to time. Round to the nearest hundredth where 
appropriate. 


13. 120 km, 3 hr 14. 18 mi, 9 hr 15. 217 mi, 29 sec 16. 443 m, 48 sec 
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17. 


19. 


21. 


23. 


25. 


Mazda A3—Highway Driving. A 2008 Mazda A3 will 
travel 624 mi on 19.5 gal of gasoline in highway driving. 
What is the rate in miles per gallon? 


Source: Ford Motor Company 


Population Density of Monaco. Monaco is a tiny country 
on the Mediterranean coast of France. It has an area of 0.75 
square mile and a population of 32,796 people. What is the 
rate of number of people per square mile? The rate per 
square mile is called the population density. Monaco has 
the highest population density of any country in the world. 
Source: The World Factbook 


MONACO 


Speed of Light. Light travels 186,000 mi in 1 sec. What 
is its rate, or speed, in miles per second? 
Source: The Handy Science Answer Book 


Lawn Watering. Watering a lawn adequately requires 
623 gal of water for every 1000 ft?. What is the rate in gal- 
lons per square foot? 


Impulses in nerve fibers travel 310 km in 2.5 hr. What is 
the rate, or speed, in kilometers per hour? 
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18. 


20. 


22. 


24. 


26. 


Chevrolet Cobalt Ls—Highway Driving. A 2008 Chevro- 
let Cobalt LS will travel 486 mi on 13.5 gal of gasoline in 
highway driving. What is the rate in miles per gallon? 


Source: Chevrolet 


Rebounds per Game. Dwight Howard of the Orlando 
Magic got 1161 rebounds in 82 games during the 
2007-2008 basketball season. What was the rate in 
rebounds per game? 


Source: National Basketball Association 


Speed of Sound. Sound travels 1100 ft in 1 sec. What is 
its rate, or speed, in feet per second? 
Source: The Handy Science Answer Book 


A car is driven 200 km on 40 L of gasoline. What is the 
rate in kilometers per liter? 


Elephant Heart Rate. The heart of an elephant, at rest, 
will beat an average of 1500 beats in 60 min. What is the 
rate in beats per minute? 

Source: The Handy Science Answer Book 
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(c) Determine whether the two pairs of numbers are proportional. 


27. 5,6 and 7,9 


31. 2.4, 3.6 and 1.8, 2.7 


39. — = — 


43. — = 


47. 


55. Quality Control. 


28. 


36. 


40. 


44, 


48. 


52. 


7,5 and 6,4 


. 4.5,3.8 and 6.7, 5.2 


PM 
10 265 
8 _ 20 
12 x 
*_71 
11 2 
5 

8. OY 
5B 
4 2 
63 _ 07 
0.9 n 


A quality-control inspector examined 


100 lightbulbs and found 7 of them to be defective. At 
this rate, how many defective bulbs will there be in a lot 


of 25002 


29. 1,2 and 10, 20 


1.) jee 
33. 53°87 and 2595 


2 
Goa” 
5 n 
12 x 
41.—=-2 
9 7 
m2 <8 
24 y 
x 2 
49. — = — 
1215 
1 J 
53, > == 
io l(CUX 


30. 


34. 


38. 


42. 


46. 


50. 


54. 


7,3 and 21,9 


11 
23°35 and 14, 21 


10 _5 
6 x 
x _ 16 
20 15 
3 5 
y 45 
1x 
7 45 
1 1 
42 
1 

5 x 


56. Sugaring. When 20 gal of maple sap are boiled down, 
the result is } gal of maple syrup. How much sap is 
needed to produce 9 gal of syrup? 


Source: University of Maine 
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57. 


59. 


61. 


63. 


65. 


Estimating a Deer Population. To determine the 
number of deer in a game preserve, a forest ranger 
catches 318 deer, tags them, and releases them. Later, 
168 deer are caught, and it is found that 56 of them 
are tagged. Estimate how many deer are in the game 


preserve. 


Metallurgy. Inametal alloy, the ratio of zinc to copper 
is 3 to 13. If there are 520 lb of copper, how many 
pounds of zinc are there? 


Grass-Seed Coverage. It takes 60 oz of grass seed to 
seed 3000 ft? of lawn. At this rate, how much would 
be needed for 5000 ft? of lawn? 


Overweight Americans. Arecent study determined 
that of every 100 Americans, 66 are overweight or obese. 
It is estimated that the U.S. population will be about 
322 million in 2015. At the given rate, how many 
Americans would be considered overweight or obese 

in 20152 

Source: U.S. Centers for Disease Control and Prevention 


Gas Mileage. A 2008 Ford Mustang GT Convertible will 
travel 341 mi on 15.5 gal of gasoline in highway driving. 


a) How many gallons of gasoline will it take to drive 
2690 mi from Boston to Phoenix? 

b) How far can the car be driven on 140 gal of 
gasoline? 

Source: Ford Motor Company 
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58. 


60. 


62. 


64. 


66. 


Hits. After playing 145 games in the 2008 Major League 

Baseball season, Ichiro Suzuki of the Seattle Mariners 

had 191 hits. 

a) At this rate, how many games would it take him to 
get 200 hits? 

b) At this rate, how many hits would Suzuki get in the 
162-game baseball season? 


Source: Major League Baseball 


Snow to Water. Under typical conditions, 1} ft of snow 
will melt to 2 in. of water. To how many inches of water 
will 53 ft of snow melt? 


Coffee Production. Coffee beans from 18 trees are 
required to produce enough coffee each year for a 
person who drinks 2 cups of coffee per day. Jared brews 


15 cups of coffee each day for himself and his coworkers. 


How many coffee trees are required for this? 


Prevalence of Diabetes. Arecent study determined 
that of every 1000 Americans in the 65- to 74-year age 
group, 185 have been diagnosed with diabetes. It is 
estimated that there will be about 26.6 million 
Americans in this age group in 2015. At the given rate, 
how many in this age group will be diagnosed with 
diabetes in 2015? 

Source: U.S. Centers for Disease Control and Prevention 


Class Size. A college advertises that its student-to- 
faculty ratio is 14 to 1. If 56 students register for 
Introductory Spanish, how many sections of the 
course would you expect to see offered? 
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67. 


71. 


Cap’n Crunch’s Peanut Butter Crunch® Cereal. The 


nutritional chart on the side of a box of Quaker Cap’n 
Crunch’s Peanut Butter Crunch® Cereal states that there 
are 110 calories in a 3-cup serving. How many calories 
are there in 6 cups of the cereal? 


Painting. Helen can paint 950 ft? with 2 gal of paint. 
How many 1-gal cans does she need in order to paint a 
30,000-ft? wall? 


Skill Maintenance 


Solve. 


73. 


Drive-in Movie Theaters. The number of outdoor 
movie theaters has declined steadily since the 1950s. In 


2007, there were 405 drive-in theaters. This is 3658 fewer 


than in 1958. How many drive-in movie theaters were 
there in 19582 [1.5a] 


Source: Drive-Ins.com 


Synthesis 


75. 


i Real-Estate Values. According to Coldwell Banker 
Real Estate Corporation, a home selling for $189,000 

in Austin, Texas, would sell for $437,850 in Denver, 
Colorado. How much would a $350,000 home in Denver 
sell for in Austin? Round to the nearest $1000. 

Source: Coldwell Banker Real Estate Corporation 


68. 


69. 


70. 


72. 


74. 


76. 


Currency Exchange. On 12 September 2008, 1 U.S. 
dollar was worth about 10.5859 Mexican pesos. 


a) How much would 150 U.S. dollars be worth in 
Mexican pesos? 

b) While traveling in Mexico, Jake bought a watch that 
cost 3600 Mexican pesos. How much did it cost in 
U.S. dollars? 


Map Scaling. Onaroad atlas map, 1 in. represents 
16.6 mi. If two cities are 3.5 in. apart on the map, how 
far apart are they in reality? 


ie ae ss 


ose 


eYoungwood 
on 


Washington 4 


t «| PENNSYLVANIA 


Waterproofing. Bonnie can waterproof 450 ft? of 
decking with 2 gal of sealant. How many gallons 
should Bonnie buy for a 1200-ft* deck? 


Bicycling. Roy bicycled 234 mi in 14 days. At this rate, 
how far would Roy bicycle in 42 days? 


Shifting Music Sales. Sales of individual digital music 
tracks outpaced sales of albums by 176.9 million in the 
first quarter of 2008. During that quarter, 104.5 million 
albums were sold. How many individual tracks were sold 
during the same time period? [3.7a] 

Source: Nielsen SoundScan 


Baseball Statistics. Cy Young, one of the greatest 
baseball pitchers of all time, gave up an average of 
2.63 earned runs every 9 innings. Young pitched 
7356 innings, more than anyone else in the history 
of baseball. How many earned runs did he give up? 


41 Ratio and Proportion 271 


(a) Understanding Percent Notation 


Of all the surface area of the earth, 70% is covered by water. What does this 
mean? It means that of every 100 square miles of the earth’s surface area, 
70 square miles are covered by water. Thus, 70% is a ratio of 70 to 100, or ine 
Source: The Handy Geography Answer Book 


SKILL TO REVIEW 
Objective 3.3a: Multiply using 
decimal notation. 

Multiply. 

1. 68.3 X 0.01 

2. 3013 X 2.4 


70 of 100 squares 
are shaded. 


70° , 
70% or 100 °F 0.70 


of the large square 
is shaded. 


Percent notation is used extensively in our everyday lives. Here are some 
examples. 

25.2% of the adult population in Washington, D.C., has a graduate degree. 

Almost 22% of the glass that is produced is recycled. 


A blood alcohol level of 0.08% is the standard used by most states as the 
legal limit for drunk driving. 


71% of people in the United States use the Internet; 17% of people in 
China use the Internet. 


Blood Types in In California, 42.5% of people age 5 and older speak a language other 
the United States than English at home. In Kansas, the percentage is 10.3%. 
Type AB 
eee Percent notation is often represented using a circle graph, or pie chart, to 
Type O TypeB show how the parts of a quantity are related. For example, the circle graph 
44% 10% at left illustrates the percentage of people in the United States with each of 
the four blood types. 


PERCENT NOTATION 
Type A | The notation n% means “n per hundred.” | 
42% 


SOURCE: bloodcenter.stanford.edu/ 
about_blood/blood_types.htm| 


Answers 


Skill to Review: 
1. 0.683 2 (2312 
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This definition leads us to the following equivalent ways of defining per- 
cent notation. 


NOTATION FOR n% 


Percent notation, 1%, can be expressed using: 


n 

ratio —> n% = theratio of nto 100 = Try 
‘ : 1 

fraction notation —> n% = n X 0 or 


decimal notation —> n% = n X 0.01. 


EXAMPLE 1 Write three kinds of notation for 35%. 


35 
Using ratio: 35% = 100 A ratio of 35 to 100 
: . : 1 : 5 1 
. = x hy ae 
Using fraction notation: 35% = 35 100 Replacing % with 100 
Using decimal notation: 35% = 35 X 0.01 Replacing % with X 0.01 
} 
EXAMPLE 2 Write three kinds of notation for 67.8%. 
: : 67.8 : 
Using ratio: 67.8% = 00 A ratio of 67.8 to 100 
1 1 
Using fraction notation: 67.8% = 67.8 x 00 Replacing % with x 700 
Using decimal notation: 67.8% = 67.8 x 0.01 Replacing % with X 0.01 
p 


| Do Exercises 1-4. 


%, e e 
(b) Converting Between Percent Notation 
and Decimal Notation 
Consider 78%. To convert to decimal notation, we can think of percent nota- 
tion as a ratio and write 


78 


78% = Too Using the definition of percent as a ratio 
= 0.78. Dividing 
Similarly, 
4.9% = ne Using the definition of percent as a ratio 


0.049. Dividing 


We could also convert 78% to decimal notation by replacing “%” with 
“X 0.01” and write 


78% = 78 X 0.01 Replacing % with x 0.01 
= 0.78. Multiplying 


At the airport in Oslo, Norway, 64% of all 
passengers arrive and leave using trains 
and buses. At the airport in San Francisco, 
the percentage is 23%. 


SOURCE: Transportation Research Board 


Write three kinds of notation as in 
Examples 1 and 2. 


1. 70% 2. 23.4% 
3. 100% 4. 0.6% 
Answers 
70 1 
10. tax 
1. 399) 79 * Jogi 70 X 0.01 
2. a 23.4 X =s 23.4 X 0.01 
100 100 
3, 00. 100 x —L; 100 x 0.01 
* 100’ 100’ . 
0.6 1 
- —— 0.6 X ——; 0.6 X 0. 
4. 799! 0:8 X G99! 9-6 x 0.01 
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Calculator Corner 


Converting from 
Percent Notation to Decimal 
Notation Many calculators have 
a [ % | key that can be used to convert 
from percent notation to decimal 
notation. This is often the second opera- 
tion associated with a particular key and 
is accessed by first pressing a | 2nd | or 
SHIFT] key. To convert 57.6% to decimal 
notation, for example, you might press 


5)7) EI] Cell2na] [26] or (51C7) 


- | [6 |[SHIFT] | % |. The display would 
read 0.576 |,s0 57.6% = 0.576. 
Exercises: Use a calculator to find 
decimal notation. 

1. 14% 2. 0.069% 

3. 43.8% 4. 125% 
Find decimal notation. 

5. 34% 6. 78.9% 


Find decimal notation for the 
percent notation in each sentence. 


7. Working Online. Of all 
American adults who use the 
Internet, 42% have gone online 
to work from home. 


Sources: U.S. Bureau of Labor Statistics: 
Nielsen Home Technology Report 


8. Blood Alcohol Level. A blood 
alcohol level of 0.08% is the 
standard used by most states as 
the legal limit for drunk driving. 


Answers 
5. 0.34. 6. 0.789 
7. 0.42 8. 0.0008 
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Similarly, 


4.9% = 4.9 x 0.01 
= 0.049. 


Replacing % with x 0.01 
Multiplying 

Dividing by 100 amounts to moving the decimal point two places to the 
left, which is the same as multiplying by 0.01. This leads us to a quick way to 


convert from percent notation to decimal notation: We drop the percent sym- 
bol and move the decimal point two places to the left. 


To convert from percent notation to 36.5% 
decimal notation, 
a) replace the percent symbol % with 36.5 X 0.01 
x 0.01, and 
b) multiply by 0.01, which means move 0.36.5 Move 2 places 
the decimal point two places to the hy/ to the left. 
left. 36.5% = 0.365 
EXAMPLE 3_ Find decimal notation for 99.44%. 
a) Replace the percent symbol with x 0.01. 99.44 x 0.01 


b) Move the decimal point two places 0.99.44 
to the left. wy 


Thus, 99.44% = 0.9944. 


EXAMPLE 4 The interest rate on a 23-year certificate of deposit is 63%. 
Find decimal notation for 63%. 


a) Convert 63 to decimal notation and 63% 

replace the percent symbol with x 0.01. 6.375 X 0.01 
b) Move the decimal point two places 0.06.375 

to the left. 


Thus, 62% = 0.06375. 


Do Exercises 5-8. 


To convert 0.38 to percent notation, we can first write fraction notation, 
as follows: 


38 
0.38 = 100 Converting to fraction notation 
= 38%. Using the definition of percent as a ratio 


Note that 100% = 100 X 0.01 = 1. Thus to convert 0.38 to percent nota- 
tion, we can multiply by 1, using 100% as a symbol for 1. 
0.38 = 0.38 x 1 
= 0.38 X 100% 
= 0.38 X 100 X 0.01 
= (0.38 X 100) X 0.01 


Replacing 100% with 100 x 0.01 


Using the associative law of 
multiplication 


= 38 Xx 0.01 


= 38% Replacing X 0.01 with % 


Even more quickly, since 0.38 = 0.38 x 100%, we can simply multiply 0.38 by 
100 and write the % symbol. 

To convert from decimal notation to percent notation, we multiply by 
100%. That is, we move the decimal point two places to the right and write a 
percent symbol. 


To convert from decimal notation to 0.675 = 0.675 X 100% 
percent notation, multiply by 100%. 


That is, 

a) move the decimal point two 0.67.5 Move 2 places 
places to the right, and \A to the right. 

b) write a % symbol. 67.5% 


0.675 = 67.5% 


EXAMPLE 5 Find percent notation for 1.27. 


a) Move the decimal point two places 1.27. 
to the right. rc 


b) Write a % symbol. 127% 
Thus, 1.27 = 127%. 
EXAMPLE 6 Of the time that people declare as sick leave, 0.21 is actually 


used for family issues. Find percent notation for 0.21. 
Source: CCH Inc. 


a) Move the decimal point two places 0.21. 
to the right. \A 


b) Write a % symbol. 21% 
Thus, 0.21 = 21%. 


EXAMPLE 7 Find percent notation for 5.6. 


a) Move the decimal point two places 5.60. 
to the right, adding an extra zero. \A 


b) Write a % symbol. 560% 
Thus, 5.6 = 560%. 
EXAMPLE 8 Of those who play golf, 0.149 play 8-24 rounds per year. Find 


percent notation for 0.149. 
Source: U.S. Golf Association 


a) Move the decimal point two places 0.14.9 
to the right. A 


b) Write a % symbol. 14.9% 
Thus, 0.149 = 14.9%. 


Do Exercises 9-14. 


It is thought that the Roman 
emperor Augustus began 
percent notation by taxing 
goods sold at a rate of 745. In 
time, the symbol “%” evolved 
by interchanging the parts of 
the symbol “100” to “0/0” 
and then to “%.” 


Find percent notation. 
9. 0.24 10. 3.47 
11. 1 12. 0.05 


Find percent notation for the 
decimal notation in each sentence. 


13. Women in Congress. In 2008, 
0.16 of the members of the 
United States Congress were 
women. 


Source: Center for American Women and 
Politics at Rutgers University 


14. Soccer. For Americans in the 
18-24 age group, 0.311 have 
played soccer; for the 12-17 age 
group, 0.396 have played. 


Source: ESPN Sports Poll, a service of TNS 
Sport 


Answers 


9. 24% 10. 347% 11. 100% 12.5% 
13. 16% 14. 31.1%; 39.6% 
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(a) Write three kinds of notation as in Examples 1 and 2 on p. 273. 


1. 90% 2. 58.7% 3. 


(b) Find decimal notation. 


5. 67% 6. 17% % 
9. 59.01% 10. 30.02% 11. 
13. 1% 14. 100% 15. 
17. 0.1% 18. 0.4% 19. 
21. 0.18% 22. 5.5% 2s, 
25. 142% 26. 935% 27, 


Find decimal notation for the percent notation(s) in each sentence. 


29. Video Games. According to a recent survey, 97% of the 30. 
12-17 age group play video games. 
Sources: Pew Survey; Time, September 29, 2008 
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For Extra Help 


MyMathLab 


12.5% 


45.6% 


10% 


200% 


0.09% 


23.19% 


563% 


Mahi, JB G 


PRACTICE 


WATCH 


READ 


DOWNLOAD 


REVIEW 


4. 130% 


8. 76.3% 


12. 80% 


16. 300% 


20. 0.12% 


24. 87.99% 


28. 613% 


Female Astronauts. Of the 466 astronauts who have 
flown in space, 10.52% are female. 
Source: Encyclopedia Astronautica 
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31. Fuel Efficiency. Speeding up by only 5 mph on the 
highway cuts fuel efficiency by approximately 7% to 8%. 


Source: Wall Street Journal, “Pain Relief,” by A. J. Miranda, September 15, 
2008 


33. High School Sports. During the 2007-2008 academic 
year, 54.8% of all high school students were involved in 
high school sports. 


Source: National Federation of State High School Associations 


Find percent notation. 

35. 0.47 36. 0.87 37. 0.03 
40. 4 41. 0.334 42. 0.889 
45. 0.4 46. 0.5 47. 0.006 
50. 0.024 51. 0.2718 52. 0.8911 


Find percent notation for the decimal notation(s) in each sentence. 


55. Wasting Food. Americans waste an estimated 0.27 of 
the food available for consumption. The waste occurs in 
restaurants, supermarkets, cafeterias, and household 
kitchens. 


Source: New York Times, "One Country's Table Scraps, Another Country's 
Meal,” by Andrew Martin, May 18, 2008 


57. Age 65 and Older. In Alaska, 0.057 of the residents are 
age 65 and older. In Florida, 0.176 are age 65 and older. 


Source: U.S. Census Bureau 


32. Foreign-Born Population. In 2008, the U.S. foreign- 
born population was 12.6%, the highest since 1920. 


Source: U.S. Census Bureau 


34. Eating Out. Ona given day, 58% of all Americans eat 
meals and snacks away from home. 
Source: U.S. Department of Agriculture 


38. 0.01 39. 8.7 

43. 0.75 44. 0.99 
48. 0.008 49. 0.017 
53. 0.0239 54. 0.00073 


56. Recycling Newspapers. 
recycled. 
Source: Newspaper Association of America 


Over 0.73 of all newspapers are 


58. Dining Together. In 2008, 0.2 of families dined together 
every evening. This rate declined from 0.59 in 1987. 
Source: Online polls at USATODAY.com 
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59. Cancer Survival. In 2005, the estimated 10-yr survival 60. Postsecondary Degrees. In 2007, 0.296 of those 25 to 29 


rate was 0.906 for children diagnosed with non-Hodgkin's years old in the United States had attained a bachelor’s 
lymphoma (NHL) and 0.88 for those diagnosed with degree or higher. 
acute lymphoblastic leukemia (ALL). Source: National Center for Education Statistics, U.S. Department of 


Source: Journal of the National Cancer Institute, news release, Commerce, U.S. Census Bureau, Current Population Survey, March 
September 8, 2008 Supplement 1971-2007 


Find decimal notation for each percent notation in the graph. 
61. U.S. Households: 62. U.S. Households: 
Married with Children Single Parents 


Only husband 
works 


Fathers 
working 


30% 21% 
Only wife 
ay =e — Fathers not 
: working 
2% 
Neither Mothers not 
Both parents oe Mothers vo 
work 2 working » 
64% 62% 
SOURCE: U.S. Census Bureau; SOURCE: U.S. Census Bureau; 
U.S. Bureau of Labor Statistics U.S. Bureau of Labor Statistics 
Skill Maintenance 
Convert to a mixed numeral. [2.4a] 
100 75 75 
63. —— 64. — 65. — 
3 2 8 
297 567 2345 
<= —— ——— 
ne 16 5 98 oe 21 
Convert to decimal notation. [3.5a] 
2 1 5 
69. — 70. — 71. = 
3 3 6 
17 8 15 
e-em ee 4. — 
12 a 3 U 16 
Synthesis 
Find percent notation. (Hint: Multiply by a form of 1 and obtain a denominator of 100.) 
1 3 7 2 
195 76. — ve Caceres 78. — 
2 4 10 5 


Find percent notation for each shaded area. 
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Convert from Fraction Notation 


to Percent Notation 


Consider the fraction notation i. To convert to percent notation, we use two 
skills that we already have. We first find decimal notation by dividing: 7 + 8. 


0.875 7 
8) 7.000 8 
6 4 
60 
5 6 
40 
40 


0 


= 0.875 


Then we convert the decimal notation to percent notation. We move the deci- 


mal point two places to the right 
0.8 7.5 


SF 
and write a % symbol: 


a 
g 7 87.5%, or 873%. 05= 


To convert from fraction notation 
to percent notation, 


a) find decimal notation by 
division, and 


b) convert the decimal notation 
to percent notation. 


Fraction 
notation 


5) 3.0 


3.0 
0 
.6 = 0.60 = 60% Percent 


notation 
= 60% 


EXAMPLE 1 Find percent notation for j. 


a) We first find decimal notation by division. 


0.5625 9 
16)9.0000 16 


= 0.5625 


SKILL TO REVIEW 
Objective 3.5a: Convert from 
fraction notation to decimal 
notation. 


Find decimal notation. 


26 


oln 


= Calculator Corner 


Converting from 
Fraction Notation to 
Percent Notation A calculator 
can be used to convert from fraction no- 
tation to percent notation. We simply per- 
form the division on the calculator and 
then use the percent key. To convert in to 
percent notation, for example, we press 
1] 7} =] ] 44] 0 ff 2nd | | %], or 


1][7] [=] [4 ][0][ SHIFT] [9]. 


The display reads 42.5 |, S0 
io = 42.5%. 


Exercises: Use a calculator to find 
percent notation. Round to the nearest 
hundredth of a percent. 


I 

ieee 2, 2 
25 13 
43 12 
———s, 4. ae, 
39 vi 
217 6 2378 
364 * 8401 

Answers 

Skill to Review: 


1. 0.6875 2. 0.5 
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Find percent notation. 


1. 


Ble 
IS 
colun 


b) Next, we convert the decimal notation to percent notation. We move the 


decimal point two places to the right and write a % symbol. 


0.56.25 
\a 


9 
— = 56.25%, or 564% 0.25 =4 


16 i i 


[ Don't forget the % symbol. | 


Do Exercises 1 and 2. 


Fractions named by repeating decimals also can be converted to percent 


notation. 


! EXAMPLE 2. Without Health Insurance. Approximately é of all people in 


3. Water is the single most 
abundant chemical in the body. 
The human body is about 
: water. Find percent notation 
for 3. 


3 F 5) 
4. Find percent notation: e 


Answers 


1.25% 2. 62.5%, or 625% 
= 2 
3. 66.6%, or 665% 


4. 83.3%, or 835% 
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the United States are without health insurance. Find percent notation for 3. 
Source: U.S. Census Bureau, Current Population Survey, March 2003 


a) Find decimal notation by division. 


0.166 


6)1.000 
6 


40 

36 
40 
36 
“4 


We get a repeating decimal: 0.166. 


b) Convert the answer to percent notation. 


0.16.6 
\q 


1 = 
g 7 16.6%, or 165% 0. 


fo] 
ll 
wins 
= 


Do Exercises 3 and 4. | 


In some cases, division is not the fastest way to convert. The following are 
some optional ways in which conversion might be done. 


EXAMPLE 3 Find percent notation for o 
We use the definition of percent as a ratio. 


69 
100 °°” 


| EXAMPLE 4 Find percent notation for 57. 


We want to multiply by 1 to get 100 in the denominator. We think of what we 
must multiply 20 by in order to get 100. That number is 5, so we multiply by 1 


using =. 
17 5 85 
20°5 100°” 
Note that this shortcut works only when the denominator is a factor of 100. 
) 
Find t notation. 
) EXAMPLE 5. Find percent notation for 32. = ae eee 
18 18 4. 72 5 J00 
= ‘= = 72% 
25 25 4 100 } 


a 
Do Exercises 5-8. c 10 
(b) Converting from Percent Notation 
to Fraction Notation 


To convert from percent notation to 30% Percent notation 
fraction notation, 
a) use the definition of percent as a 30 
ratio, and 100 
b) simplify, if possible. 3 
) ee To Fraction notation 


' EXAMPLE 6 Find fraction notation for 75%. 
LD 


100 
3225-3 25 
4-25. 4 25 
_3 
A [ 


75% = Using the definition of percent 


Simplifying 


Answers 


5. 57% 6.76% 7. 70% 
8. 25% 
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MEMORIZING 


Memorizing is a very helpful tool 
in the study of mathematics. Don't 
underestimate its power as you 
memorize the table of decimal, 
fraction, and percent notation 
below and on the inside back 


cover. 
Find fraction notation. 
9. 60% 10. 3.25% 
2 1 
11. 66— AZ, W2= 
66 3 % 5 % 


EXAMPLE 7 Find fraction notation for 62.5%. 


62.5 
62.5% = 100 Using the definition of percent 
_ 62.5 | 10 Multiplying by 1 to eliminate the 
~ 100 ~ 10 decimal point in the numerator 
_ 625 
1000 
5-125 5 125 
8-125 8 «125 
5 Simplifying 
8 
EXAMPLE 8 Find fraction notation for 165%. 
16 2 % = 50 y Converting from the mixed 
oS es numeral to fraction notation 
50 1 ‘ er 
=—_— X —— Using the definition of percent 
3 100 
50-1 1 50 
1 
6 


Do Exercises 9-12. | 


The table below lists fraction, decimal, and percent equivalents used so 
often that it would speed up your work if you memorized them. For example, 
+ = 0.3, so we say that the decimal equivalent of $ is 0.3, or that 0.3 has the 
fraction equivalent i. This table also appears on the inside back cover. 


FRACTION, DECIMAL, AND PERCENT EQUIVALENTS 


FRACTION fe 1 1 i | a | s 1 3 2iile 5 2 @ || 8 | 4 5 7 9] 1 
NONI 10 | 8 6 5 | 4 |m]| 8 8 5 | 2ié 8 3 | 10 | 4 || & 6 8 | 10} 1 
DECIMAL a 2 me ee 
Waite) 0-2 | 0.125 | 0.166 | 0.2 /0.25) 0.3 | 0.333 | 0.375 | 0.4 | 0.5 | 0.6 | 0.625 | 0.666 | 0.7 |0.75| 0.8 | 0.833 | 0.875 | 0.9] 1 
10% | 12.5%, | 16.6%, |20% |25% |30% | 33.3%, | 37.5%, |40% |50% |60% | 62.5%, | 66.6%, | 70% | 75% | 80% | 83.3%, | 87.5%, |90% | 100% 
sere or or or or or or or or 
123% | 162% 334% | 373% 625% | 662% 834% | 873% 
S 
EXAMPLE 9 Find fraction notation for 16.6%. 
We can use the table above or recall that 16.6% = 165% = 3. We can also 
recall from our work with repeating decimals in Chapter 3 that 0.6 = z Then 
Rinccaencnmncni we have 16.6% = 165% and can proceed as in Example 8. | 
See ee Do Exercises 13 and 14. 
Answers 
ae (ee 
5 400 3 
ea. ee 
; Fs : 
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. For Extra Help 
4. 3 Exe rc | se S et MyMathLab Ve A gf READ (| 


(a) Find percent notation. 


Al 1 2 7 
— ee i — ieee ae 
100 100 100 100 10 10 
3 9 1 
Are = 10. — 11. — 12. — 
a 10 : 10 . 2 m 8 
2 1 5 
13. = 14. — 15. — 16. — 17. 18. — 
3 6 6 
3 11 13 7 4 7 
19. — 20. — 21. — 22..—5 23. == 24. — 
2 16 ¥ 16 16 16 25 25 
al 31 17 3 
25. 26. — 27. — 28. — 
0 50 50 20 
Find percent notation for the fraction notation in each sentence. 
29. Heart Transplants. In the United States in 2006, 4 30. Car Colors. The four most popular colors for 2006 
of the organ transplants were heart transplants and compact/sports cars were silver, gray, black, and red. 
>), were kidney transplants. Of all cars in this category, 4 were silver, #, gray, 3, black, 


3 
Source: 2007 OPTN/SRTR Annual Report, Table 1.7 and 20 red. 
Sources: Ward's Automotive Group; DuPont Automotive Products 


In Exercises 31-36, write percent notation for the fractions in the pie chart below. 


How Food Dollars Are Spent 31 il 32 = 
Dairy. Beverages (nonalcoholic) * 50 * 50 
25 _Sugar 
i 
Cereal and baked goods ae 
13 Fats and oils 
100 3 3 1 
00 33. 25 34, 25 
Fruits and vegetables Other 
3 ~ 9 
20 50 
: Eggs 
Meat, poultry, and fish a 3 13 
u 7 35.5 36. —— 
50 20 100 


SOURCES: U.S. Bureau of Labor Statistics; Consumer Price Index; 
The Hoosier Farmer, Summer 2008 
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b 


37. 


42. 


47. 


52. 


57. 


Find fraction notation. Simplify. 


85% 


1 
83 3” 


0.8% 


5 
165% 


0.0325% 


38. 55% 


43. 16.6% 


48. 0.2% 


7 
53. 64 — 
11 i 


58. 0.419% 


39. 


44, 


49. 


54. 


59. 


62.5% 


66.6% 


3 
25 4% 


3 
(a= 
11 a 


33.3% 


40. 


45. 


50. 


55. 


60. 


12.5% 


7.25% 


48% 
3 ‘0 


150% 


83.3% 


In Exercises 61-66, find fraction notation for the percent notations in the table below. 
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U.S. POPULATION BY SELECTED 


AGE CATEGORIES (Data have been 


rounded to the nearest percent.) 


PERCENT OF 
AGE CATEGORY POPULATION 


5-17 years 

18-24 years 

15-44 years 

18 years and older 
65 years and older 
75 years and older 


S 


18% 
10 


7 


SOURCES: U.S. Census Bureau; 2006 American Community 


Survey 
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61. 6% 


63. 12% 


65. 75% 


1 
Al. 33-% 
3 


46. 4.85% 


51 78 % 
. 9 0 


56. 110% 


62. 18% 


64. 42% 


66. 10% 
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Find fraction notation for the percent notation in each sentence. 


67. A3-cup serving of Post Selects Great Grains cereal 
with 5 cup fat-free milk satisfies 15% of the minimum 
daily requirement for calcium. 

Source: Kraft Foods Global, Inc. 


69. In 2006, 20.9% of Americans age 18 and older smoked 
cigarettes. 


Sources: Washington Post, March 9, 2006; U.S. Centers for Disease 
Control and Prevention 


Complete each table. 
(oot FRACTION DECIMAL PERCENT 
NOTATION NOTATION | NOTATION 
l 12.5%, or 


123% 


33.3%, or 
333% 


37.5%, or 
375% 


fee FRACTION DECIMAL PERCENT 
NOTATION NOTATION NOTATION 


(05) 
1 
3 
25% 
16.6%, or 
165% 
0.125 
3 
4 
0.83 
3 
8 
XM 


68. A 1.8-0z serving of Frosted Mini-Wheats®, Blueberry 
Muffin, with 5 cup fat-free milk satisfies 35% of the 
minimum daily requirement for Vitamin Bj. 

Source: Kellogg, Inc. 


70. In 2006, 14.9% of the adults age 18 and older in 
California smoked cigarettes. 


Sources: U.S. Centers for Disease Control and Prevention; AARP 
Magazine, March 2008 


ves FRACTION 
NOTATION 


DECIMAL 
NOTATION 


PERCENT 
NOTATION 


3 
5 
0.625 
2 
3 
0.75 75% 
4 
5) 
5 83.3%, Or 
6 835% 
7 87.5%, or 
8 873% 


74. 
FRACTION DECIMAL PERCENT 
NOTATION NOTATION NOTATION 


40% 
62.5%, 
or 
625% 
0.875 
Ht 
1 
0.6 
0.6 


ale 
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Skill Maintenance 


Solve. 
75.13-x=910 ([1.4b] 76.15-y= 75 [1.4b] 77. 0.05 X b= 20 [3.4b] 78. 3 = 0.16 x b 
24 15 17 x 9 x 7 4 
79. 37 = = [4.1d] 80. 18 = 237 [4.1d] 81. 10 = 5 [4.1d] 82. = 5 [4.1d] 


Convert to a mixed numeral. [2.4a] 


100 19 250 123 
83. a 84. 2. 85. 30 86. “§ 
345 373 19 67 
87. — 88. — 89. — 0. — 
‘ 8 6 4 2 9 
Convert from a mixed numeral to fraction notation. [2.4a] 
1 9 1 3 
91. lia 92. 2055 93. rt 94. 325 
Synthesis 
Write percent notation. 
Al 54 er oe 
95. 369 96. 999 97. 2.574631 98. 3.293847 
Write decimal notation. 
99. % 100. : % 101. m % 102. cal % 


103. Arrange the following numbers from smallest to largest. 


16L% 1.6 ly 1 92 1.6% ia 0.5% nr 0.54 
GeO gy gh Set es hy MIO) Or Ne 
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[3.4b] 
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(a) Translating to Equations 
To solve a problem involving percents, it is helpful to translate first to an 


equation. To distinguish the method discussed in this section from that of 
Section 4.5, we will call these percent equations. 


KEY WORDS IN PERCENT TRANSLATIONS 


“Of” translates to “+”, or “x”. 


“What” translates to any letter. 


“Ts” translates to “=”. 


“%” translates to “X 74g” or “x 0.01”. 


| EXAMPLES Translate each of the following. 


1. 23% of 5 is what? 


VvVyy v 


23% + 5 = a 
2. What is 11% of 49? 


voy 


a = 11% - 49 


This is a percent equation. 


Any letter can be used. ) 


| Do Margin Exercises 1 and 2. 


|! EXAMPLES. Translate each of the following. 


3. 3 is 10% of what? 


Vy vv y 
3 


= 10% - b 
4. 45% of what is 232 


Vv vy vy 


45% xX b = 23 


) 
| Do Exercises 3 and 4. 


| EXAMPLES Translate each of the following. 


5. 10 is whatpercent of 20? 
10 = p x 20 
6. What percent of 50 is 7? 


y ddd 
p - 50 = 7 


) 
| Do Exercises 5 and 6. 


SKILL TO REVIEW 
Objective 3.4b: Solve equations of 
the type a: x = b, where a and b 
may be in decimal notation. 


Solve. 
1. 0.05 - x = 830 
2.8-y = 40.648 


Translate to an equation. Do not 
solve. 


1. 12% of 50 is what? 


2. What is 40% of 602 


Translate to an equation. Do not 
solve. 


3. 45 is 20% of what? 


4. 120% of what is 602 


Translate to an equation. Do not 
solve. 
5. 16 is what percent of 40? 


6. What percent of 84 is 10.5? 


Answers 


Skill to Review: 
1. 16,600 2. 5.081 


Margin Exercises: 

1.12% X 50=a_ 2. a = 40% X 60 
3.45 = 20% Xb 4. 120% X b = 60 
5.16=px40 6. p xX 84= 10.5 


4.4 Solving Percent Problems Using Percent Equations 287 


Each year, Americans spend about 

$40 billion on pets; approximately 
23.9% of that amount is spent on 
veterinary care. What is spent per 

year on veterinary care? (See Example 7.) 


SOURCE: American Pet Products Manufacturers 
Association 


7. Solve: 
What is 12% of $502 


8. Solve: 
64% of 55 is what? 


Answers 
7. $6 8. 35.20 


288 CHAPTER 4 _ Percent Notation 


(b) Solving Percent Problems 


In solving percent problems, we use the Translate and Solve steps in the 
problem-solving strategy used throughout this text. 

Percent problems are actually of three different types. Although the 
method we present does not require that you be able to identify which type 
you are solving, it is helpful to know them. Each of the three types of percent 
problems depends on which of the three pieces of information is missing. 


1. Finding the amount (the result of taking the percent) 


Example: What is 25% of 60? 
VvvV Vv 
Translation: a = 25% - 60 


2. Finding the base (the number you are taking the percent of) 


Example: 15 is 25% of what? 
‘by v4 
Translation: 15 = 25% - b 


3. Finding the percent number (the percent itself) 


Example: 15 is whatpercent of 60? 
Translation: 15 = Pp - 60 
Finding the Amount 


EXAMPLE 7 What is 23.9% of $40,000,000,0002 


Translate: a = 23.9% X 40,000,000,000. 


Solve: The letter is by itself. To solve the equation, we just convert 23.9% to 
decimal notation and multiply: 


a = 23.9% x 40,000,000,000 
= 0.239 x 40,000,000,000 = 9,560,000,000. 


Thus, $9,560,000,000 is 23.9% of $40,000,000,000. The answer is $9,560,000,000. 
I 


Do Exercise 7. 


| EXAMPLE 8 = 120% of 42 is what? 


Translate: 120% X 42 = a. 
Solve: The letter is by itself. To solve the equation, we carry out the calculation: 


a = 120% X 42 
a= 1.2 X 42 120% = 1.2 
a = 50.4. 
Thus, 120% of 42 is 50.4. The answer is 50.4. i 


Do Exercise 8. 


Finding the Base 


EXAMPLE 9 5% of what is 20? 


Translate: 5% X b = 20. 


Solve: This time the letter is not by itself. To solve the equation, we divide by 
5% on both sides: 


5% X b 20 eee F 
5% 5% Dividing by 5% on both sides 
20 
b= 0.05 5% = 0.05 
b = 400. 
Thus, 5% of 400 is 20. The answer is 400. ) 


EXAMPLE 10 $3 is 16% of what? 
Translate: $3 is 16% of what? 


Yvv vy 


3 = 16% xX Db 


Solve: To solve the equation, we divide by 16% on both sides: 


3 16% X b 
Bee! Dividi ‘ id 
16% 16% ividing by 16% on both sides 
3 
eae! 16% = 0.16 
0.16 
18.75 = b. 
Thus, $3 is 16% of $18.75. The answer is $18.75. ) 


| Do Exercises 9 and 10. 


Finding the Percent Number 


In solving these problems, you must remember to convert to percent notation 
after you have solved the equation. 


EXAMPLE 11 2100 is what percent of 30,000? 
Translate: 2100 is whatpercent of 30,000? 


V 


2100 = p x 30,000 


Solve: To solve the equation, we divide by 30,000 on both sides and convert 
the result to percent notation: 
p X 30,000 = 2100 
p X 30,000 2100 
30,000 30,000 


Dividing by 30,000 on both sides 


p = 0.07 Converting to decimal notation 
p=7%. Converting to percent notation 
Thus, 2100 is 7% of 30,000. The answer is 7%. ) 


In a survey of a group of people, it was found 
that 5%, or 20 people, chose strawberry as 
their favorite ice cream flavor. How many 
people were surveyed? (See Example 9.) 


SOURCE: International Ice Cream Association 


Solve. 
9. 20% of what is 45? 


10. $60 is 120% of what? 


In 2007, there were about 30,000 earth- 
quakes worldwide. Of this number, 
2100 earthquakes had magnitudes 
greater than 5.0. What percent of the 
30,000 earthquakes had magnitudes 
greater than 5.02 (See Example 11.) 


SOURCE: National Earthquake Information Center, U.S. 
Geological Survey 


Answers 
9. 225 10. $50 
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EXAMPLE 12 What percent of $50 is $16? 
Translate: What percent si i a 
Pp x 50 = 16 


Solve: To solve the equation, we divide by 50 on both sides and convert the 
answer to percent notation: 


ESE = uo Dividing by 50 on both sides 
50 50 
16 
P= 50 
p = 0.32 
Salve: p = 32%. Converting to percent notation 
11. 16 is what percent of 40? Thus, 32% of $50 is $16. The answer is 32%. 


12. What percent of $84 is $10.50? Do Exercises 11 and 12. J 


Caution! 


When a question asks “what percent?”, be sure to give the answer in percent 
notation. 


Calculator Corner 


Using Percents in Computations Many calculators have a |%| key that can be used in computations. 


(See the Calculator Corner on page 274.) For example, to find 11% of 49, we press 1] 1 [ 2nd %} |X] 14 | 9} =], or. 4 |} 9] LX 
1 {1 || SHIFT | | % |. The display reads 5.39 |, so 11% of 49 is 5.39. 

In Example 9, we perform the computation 20/5%. To use the |%| key in this computation, we press| 2 || 0 || =} [5 || 2nd 
% | [=], or | 2 |} 0} |=] [5 |] SHIFT | | %]. The result is 400. 


We can also use the |%| key to find the percent number in a problem. In Example 11, for instance, we answer the question 
“2100 is what percent of 30,000?” On a calculator, we press | 2 || 1 |[.0 || 0 E 3 | [0 |[.0 | [0 |} 0 |] 2nd 9% | =|, or| 2 {[.1 |} |, 0 
+] [3 ]Lo][o][0][0 |[ SHIFT | [%]. The result is 7, so 2100 is 7% of 30,000. 


Exercises: Use a calculator to find each of the following. 


1. What is 12.6% of $402 2. 0.04% of 28 is what? 
3. 8% of what is 36? 4. $45 is 4.5% of what? 
5. 23 is what percent of 9202 6. What percent of $442 is $53.04? 
os 
Answers 


11. 40% 12. 12.5% 
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vale. §=6EXercise Set 


(a) Translate to an equation. Do not solve. 


1. 


4. 


What is 32% of 782 


What percent of 25 is 8? 


(b) Translate to an equation and solve. 


7. 


11. 


13. 


15. 


17. 


19. 


21. 


23. 


What is 85% of 276? 


. 150% of 30 is what? 


What is 6% of $3002 


3.8% of 50 is what? 


$39 is what percent of $50? 


20 is what percent of 10? 


What percent of $300 is $150? 


What percent of 80 is 1002 


20 is 50% of what? 


2. 98% of 57 is what? 


5. 13 is 25% of what? 


10. 


12. 


14. 


16. 


18. 


20. 


22. 


24. 


For Extra Help 


MyMathLab 


vari TB & 


PRACTICE WATCH DOWNLOAD 


REVIEW 


READ 


3. 89 is what percent of 99? 


6. 21.4% of what is 20? 


. What is 74% of 532 


100% of 13 is what? 


What is 4% of $45? 


33.5% of 480 is what? 
(Hint: 333% = 3.) 


$16 is what percent of $90? 
60 is what percent of 202 
What percent of $50 is $40? 
What percent of 60 is 15? 


57 is 20% of what? 
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25. 40% of what is $162 


27. 56.32 is 64% of what? 


29. 70% of what is 14? 


31. What is 625% of 102 


33. What is 8.3% of $10,200? 


35. 2.5% of what is 30.42 


Skill Maintenance 


Write fraction notation. 
37. 0.09 


40. 0.125 


Write decimal notation. 


Synthesis 


EH Solve. 


[3.1b] 
38. 1.79 


41. 0.9375 
[3.1b] 


47. What is 7.75% of $10,880? 


Estimate 


Calculate 


49. $2496 is 24% of what amount? 


Estimate 


Calculate 


51. 40% of 183% of $25,000 is what? 
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26. 


28. 


30. 


32. 


34. 


36. 


45. 


48. 


50. 


100% of what is $742 


71.04 is 96% of what? 


70% of what is 352 


il 
What is 357% of 1200? 


What is 9.2% of $5600? 


8.2% of what is 3282 


39. 0.875 
42. 0.6875 


17 


46. —— 
1000 


50,951.775 is what percent of 78,995? 


Estimate 


Calculate 


What is 38.2% of $52,345.79? 


Estimate 


Calculate 


Copyright © 2012 Pearson Education, Inc. 


(a) Translating to Proportions 


A percent is a ratio of some number to 100. For example, 46% is the ratio a 
The numbers 67,620,000 and 147,000,000 have the same ratio as 46 and 100. 


46 67,620,000 
100 =: 147,000,000 


\ | 46% 


To solve a percent problem using a proportion, we translate as follows: 


Number—> N _ a <— Amount 
100+ 100 b <— Base 


You might find it helpful to read this as 


“part is to whole as part is to whole.” 


For example, 60% of 25 is 15 translates to 


60 — 15 <— Amount 
100 25 <—Base 


A clue in translating is that the base, b, corresponds to 100 and usually follows 
the wording “percent of.” Also, N% always translates to N/100. Another aid in 
translating is to make a comparison drawing. To do this, we start with the per- 
cent side and list 0% at the top and 100% near the bottom. Then we estimate 
where the specified percent—in this case, 60%—is located. The corresponding 
quantities are then filled in. The base—in this case, 25—always corresponds to 
100%, and the amount—in this case, 15—corresponds to the specified percent. 


Percents Quantities Percents Quantities Percents Quantities 

0% = 0 0% = 0 0% = 0) 
+ 60% =o 60% + 15 

100% = 100% = 100% + 25 


15 


The proportion can then be read easily from the drawing: 100 > 25° 


*Note: This section presents an alternative method for solving basic percent problems. You 
can use either equations or proportions to solve percent problems, but you might prefer one 
method over the other, or your instructor may direct you to use one method over the other. 


SKILL TO REVIEW 
Objective 4.1d: Solve proportions. 


In the United States, 46% of the labor force is 
women. In 2007, there were approximately 
147,000,000 people in the labor force. This 
means that about 67,620,000 were women. 


SOURCES: U.S. Department of Labor; U.S. Bureau of 
Labor Statistics 


Answers 


Skill to Review: 
1.900 2. 21.5 
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EXAMPLE 1 Translate to a proportion. 
23% of 5 is what? 


23 _a 


100 5 


EXAMPLE 2 Translate to a proportion. 


What is 124% of 492 
124. a 


Translate to a proportion. Do not ie 
solve. 


1. 12% of 50 is what? 
2. What is 40% of 602 


3. 130% of 72 is what? 


Do Exercises 1-3. 


EXAMPLE 3 Translate to a proportion. 


3 is 10% of what? 
10 3 


100 b 


EXAMPLE 4 Translate to a proportion. 


45% of what is 232 
45 _ 23 
100 +b 


Translate to a proportion. Do not 
solve. 


4. 45 is 20% of what? 


5. 120% of what is 60? Do Exercises 4 and 5. } 


EXAMPLE 5 Translate to a proportion. 


10 is what percent of 20? 


N _ 10 
100 20 


Answers 

1. 12 a 2. 40 a 3. 130 a 
100 50 100 +60 100 72 
20 «45 120 60 

4. 5. = 
100 +b 100 +b 
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Percents 


0% 
23% 


100% 


Quantities 
0) 


a 


Percents 


0% 


100% 
124% 


Quantities 
0 


49 


a cKwwwo—ad 


Percents Quantities 
0% + —.———— 0 
10% = 3 
100% + b 

Percents Quantities 

0% = 0 

45% 2 23 
100% = b 

Percents Quantities 

0% = 0 
N% =——— 10 
100% =o 20 


' EXAMPLE 6 Translate to a proportion. 


What percent of 50 is 7? 
Bet 
100 50 


(b) Solving Percent Problems 


Percents Quantities 
0% = 0 
N% = 7 
é af 
ee Es a0 Translate to a proportion. Do not 
+ solve. 
} 6. 16 is what percent of 40? 


Do Exercises 6 and 7. 


7. What percent of 84 is 10.5? 


After a percent problem has been translated to a proportion, we solve as in 


Section 4.1d. 
' EXAMPLE 7 5% of what is $20? 


5 _ 20 
Translate: ~~ = — 
ranstate. 100 rs 


Solve: 5: b = 100- 20 
5-b __ 100-20 


Equating cross products 


- 5 Dividing by 5 
2000 
b= —— 
5 
b = 400 Simplifying 


Thus, 5% of $400 is $20. The answer is $400. 


’ EXAMPLE 8 120% of 42 is what? 


7 


120 a 
00 42 


Translate: 


Solve: 120 - 42 = 100-a 
120-42 100-a 


Equating cross products 


ene 100 
100 100 Dividing by 
5040 

cet 

100 

50.4 =a Simplifying 


Thus, 120% of 42 is 50.4. The answer is 50.4. 


| Do Exercises 9 and 10. 


Percents Quantities 
0% 0 
5% + 20 
100% == b 


D 


8. Solve: 
Do Exercise 8. 20% of what is $452 

Percents Quantities 
0% ae 0 

100% + 42 
120% + a 

Solve. 
} 9. 64% of 55 is what? 


10. What is 12% of 502 


Answers 
N _ 16 N _ 105 
. = ; 8. $225 
100 40 100. 84 $ 
9. 35.2 10.6 
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) EXAMPLE 9 210 is 103% of what? 
210 10.5 


Ti late: = 
ranslate D 100 


103% = 10.5% 


Solve: 210 - 100 = b- 10.5 Equating cross products 
210-100 b-10.5 


Dividing by 10.5 
10.5 10.5 Serre 
21, 
I — = Multiplying and simplifying 
2000 = b Dividing 
Thus, 210 is 103% of 2000. The answer is 2000. } 
11. Solve: 
60 is 120% of what? Do Exercise 11. 
' EXAMPLE 10 $10 is what percent of $20? 
10 N 
Translate: —- = ——~ 
ranslate: 5) = joo 
Solve: 10-100 = 20-N Equating cross products 
10-1 20-N 
— = Dividing by 20 
20 20 
1 
= Multiplying and simplifying 
20 x a ae [ Note when solving percent 
: . problems using proportions 
Thus, $10 is 50% of $20. The answer is 50%. that Nis a percent and need 
not be converted. 
12. Solve: 


$12 is what percent of $402 Do Exercise 12. 


’ EXAMPLE 11 What percent of 50 is 16? 
N 16 


Ti late: = 
ranslate 100 ~ 50 


Solve: 50: N= 100: 16 Equating cross products 
50:-N 100-16 


50 50 Dividing by 50 

1 
= ae Multiplying and simplifying 
N = 32 Dividing 
Thus, 32% of 50 is 16. The answer is 32%. l 
13. Solve: 
What percent of 84 is 10.5? Do Exercise 13. 
Answers 


11.50 12. 30% 13. 12.5% 
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: For Extra Help 
Exercise Set MyMathLab |) "ie &. 


READ REVIEW 


(a) Translate to a proportion. Do not solve. 


1. What is 37% of 742 2. 66% of 74 is what? 
3. 4.3 is what percent of 5.9? 4. What percent of 6.8 is 5.3? 
5. 14 is 25% of what? 6. 133% of what is 402 


(b) Translate to a proportion and solve. 


7. What is 76% of 90? 8. What is 32% of 70? 

9. 70% of 660 is what? 10. 80% of 920 is what? 
11. What is 4% of 1000? 12. What is 6% of 2000? 
13. 4.8% of 60 is what? 14. 63.1% of 80 is what? 
15. $24 is what percent of $962 16. $14 is what percent of $70? 
17. 102 is what percent of 1002 18. 103 is what percent of 100? 
19. What percent of $480 is $120? 20. What percent of $80 is $60? 
21. What percent of 160 is 150? 22. What percent of 33 is 11? 
23. $18 is 25% of what? 24. $75 is 20% of what? 


4.5 Solving Percent Problems Using Proportions 297 


25. 60% of what is 54? 26. 80% of what is 96? 


27. 65.12 is 74% of what? 28. 63.7 is 65% of what? 
29. 80% of what is 16? 30. 80% of what is 10? 
. 1 . 1 
31. What is 625% of 402 32. What is 437% of 26002 
33. What is 9.4% of $8300? 34. What is 8.7% of $76,0002 
: 2 ; 1 
35. 80.8 is 40 5” of what? 36. 66.3 is 10 5” of what? 


Skill Maintenance 


Solve. [4.1d] 
x 2 15 3 4 x 612 2 
a 38. — = — 39. = = — 40. —— = —— 
188 47 x 800 7 14 t 244 
3 
5000 3000 75 n x 36.2 y 25 
41, —— = —_ 42, —— = — 43, — = a 
t 60 100 = 20 W2 5.4 a 13 2 

Solve. 

45. A recipe for muffins calls for 5 qt of buttermilk, iqt of 46. The Ferristown School District purchased 3 ton (T) of 
skim milk, and iz qt of oil. How many quarts of liquid clay. If the clay is to be shared equally among the 
ingredients does the recipe call for? [2.5a] district’s 6 art departments, how much will each art 

department receive? [2.5a] 

Synthesis 

Solve. 

47. #3) What is 8.85% of $12,640? 48. #2 78.8% of what is 9809.024? 

Estimate Estimate 
Calculate ——_ Calculate 
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Mid-Chapter Review 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. n z - then xy = ts. [4.1d] 


2. When converting decimal notation to percent notation, move the decimal point two places to 
the right and write a percent symbol. [4.2b] 


3. The symbol % is equivalent to X 0.10. [4.2a] 
4. Of the numbers ;4, 1%, 0.1%, 10%, and ;4;, the smallest number is 0.1%. [4.2b], [4.3a, b] 


Guided Solutions 


Fill in each blank with the number that creates a correct statement or solution. [4.2b], [4.3a, b] 
1 1 1 1 80 


a baa 6 7900 = 100 ~ U% 
7. 5.5% = = aa 8. 0.375 = —— = — =[ |% 
me’ 100 1000 he 100 100° = 
9. Solve: 15 is what percent of 80? [4.4b] 10. Solve: : = =. [4.1d] 
1I5=px{[] Translating e. 8 
x we 
Eee pxt] Dividing on both sides ee 
LI x? |= (Bios Equating cross products 
15 eee . . 
— =p Simplifying ued ee) Dividing on both sides 
im) S72 Dividing 25 = | Simplifying 
% =p Converting to percent notation 
Mixed Review 
Find the ratio of the first number to the second and Find each rate, or speed, as a ratio of distance to time. 
simplify. [4.1a] Round to the nearest hundredth where appropriate. [4.1b] 
11. 25 to 75 12. 2.4 to 8.4 13. 146km, 3 hr 14, 243 mi, 4hr 
Solve. [4.1d] 
al 1 
122) 24 Aas 
pee (epee Tip ie 18,4 =4 
24 «18 y 15 0.02 0.36 % G 
19. Martha bought 12 oz of deli honey ham for $5.99. What 20. Jerome bought an 18-o0z jar of grape jelly for $2.09. What 
is the unit price in cents per ounce? [4.le| is the unit price in cents per ounce? [4.le] 
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Find decimal notation. [4.2b] 


21. 28% 22. 0.15% 23. 52% 24. 240% 


Find percent notation. [4.2b], [4.3a] 


9 3 
25. 0.71 Ais 27. 0.3891 28. — 
100 16 
3 5 
29. 0. ba 1. Yas 
9. 0.005 30 50 31. 6 3 6 


Find fraction notation. Simplify. [4.3b] 


33. 85% 34. 0.048% 35. 22 36. 16.6% 
Write percent notation for the shaded area. [4.3a] 
37. 38. 
Solve. [4.4b], [4.5b] 
39. 25% of what is 14.5? 40. 220 is what percent of 13202 
41. What is 3.2% of 80,000? 42. $17.50 is 35% of what? 
43. Arrange the following numbers from smallest to largest. 44. Solve: $102,000 is what percent of $3.6 million? 
[4.2b], [4.3a, b] [4.4b], [4.5b] : 
A. $2.83 milli ee 
+46, 5%, 0.275, +>, 1%, 0.1%, 0.05%, -, —, 10% pean ers 
2 100 10 20 C. 0.0283% D. 28.3 


Understanding Through Discussion and Writing 


2 

45. Is it always best to convert from fraction notation to 46. Suppose we know that 40% of 92 is 36.8. What is a quick g 
percent notation by first finding decimal notation? Why way to find 4% of 92? 400% of 92? Explain. [4.4b] rs 

or why not? [4.3a] 3 

=| 

47. Instead of equating cross products, a student solves 48. What do the following have in common? Explain. 3 
7 2 by multiplying on both sides by the least common [4.2b], [4.3a, b] Ss 
denominator, 21. Is his approach a good one? Why or & 
why not? [4.1d] al 1 ak 1.4375, ug 1, 143.75%, 1 cea = 

: ; 16 = 2000 144 16 10,000 % 

zB 

8 
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4. & Applications of Percent 


a) Applied Problems Involving Percent OBJECTIVES 


Applied problems involving percent are not always stated in a manner easily = 
translated to an equation. In such cases, it is helpful to rephrase the problem (a) Solve applied problems 
before translating. Sometimes it also helps to make a drawing. ~~ involving percent. 

/.~ 
{ ) i 
EXAMPLE 1. Extinction of Mammals. According to a study conducted for b Perse Pap nee ase 
the International Union for the Conservation of Nature (IUCN), the world’s or percent of decrease. 
mammals are in danger of an extinction crisis. Of the 5487 species of mammals 
on Earth, 1141 are on the IUCN Red List of Threatened Species. Six of those 
mammals are shown below. What percent of all mammals are threatened with 


extinction? SKILL TO REVIEW 


Objective 3.4a: Divide using 
decimal notation. 


Sources: Environment News Service, October 6, 2008; IUCN 


Divide. 
1. 345 + 57.5 
2. 111.87 = 9.9 


Top row, left to right: Tasmanian devils, 
Pere David's deer, African elephant. Bottom 
row, left to right: Iberian lynx, black-footed 
ferret, giant panda. 


1. Familiarize. The question asks for a percent of the world’s mammals 


that are in danger of extinction. We note that 5487 is approximately 5500 


and 1141 is approximately 1100. Since 1100 is #2°?, or ¢, or 20% of 5500, 


our answer is close to 20%. We let p = the percent of mammals that are Percents Quantities 
in danger of extinction. 0% = ) 
2. Translate. There are two ways in which we can translate this problem. N% = 1141 
Percent equation (see Section 4.4): Proportion (see Section 4.5): £ 
1141 is whatpercent of 5487? N 1141 + 
/ a) Y 100 5487 100% = 5487 
1141 = P * 5487 For proportions, N% = p. 
Answers 
Skill to Review: 
L6 2.113 
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1. Presidential Assassinations in 
Office. Of the 43 different U.S. 
presidents, 4 have been assassi- 
nated in office. These were 
James A. Garfield, William 
McKinley, Abraham Lincoln, and 
John E Kennedy. What percent 
have been assassinated in office? 


Answer 
1. About 9.3% 
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3. Solve. 
Percent equation (see Section 4.4): 


1141 = p- 5487 
1141 _ p: 5487 


We now have two ways in which to solve this problem. 


Dividing by 5487 on both sides 


5487-5487 
1141 
5487? 
0.208 ~ p Finding decimal notation and rounding to the 
nearest thousandth 
20.8% ~ p Remember to find percent notation. 


Note here that the solution, p, includes the % symbol. 
Proportion (see Section 4.5): 


N 1141 
100 5487 
N- 5487 = 100- 1141 Equating cross products 
ede Nitin nee Dividing by 5487 on both sides 
5487 5487 
114,100 
~ 5487 
N = 20.8 Dividing and rounding to the nearest tenth 


We use the solution of the proportion to express the answer to the prob- 
lem as 20.8%. Note that in the proportion method, N% = p. 

4. Check. To check, we note that the answer 20.8% is close to 20%, as esti- 
mated in the Familiarize step. 


5. State. About 20.8% of the world’s mammals are threatened with extinction. 


b 
Do Exercise 1. | 


EXAMPLE 2 _ Transportation to Work. In the United States, there are 
about 147,000,000 workers 16 years and older. Approximately 77% drive to 
work alone. How many workers drive to work alone? 


Transportation to Work in the United States 

Taxi 0.1% Motorcycle 0.2% 
Bicycle 0.4% 
Other means 0.9% 
Walk 2.5% 


- > 
— Work from home 3.6% 
Tee 


Drive alone 76.9% 


Public transportation 4.7% 


Carpool 10.7% 


SOURCES: U.S. Census Bureau; American Community Survey 


1. Familiarize. We can simplify the pie chart shown on the preceding 
page to help familiarize ourselves with the problem. We let a = the total 
number of workers who drive to work alone. MAKING APPLICATIONS 


REAL 
Transportation to Work . 
in the United States Newspapers and magazines are 


full of mathematical applications. 


Percentage of ; an 
Some of the easiest ones to find in 


workers who 
drive alone Workers who the area of Basic College Mathe- 
76.9% drive alone, a matics are about percent. Find 
such an application and share it 
Percentage of Workers who choose with your class. As you obtain 
workers who choose other means of more skills in mathematics, you 
omer asia o a will find yourself observing the 
transportation 7 7 
23.1% world from a different perspective, 
Total: 100% Total: 147,000,000 seeing mathematics everywhere. 
Math courses become more inter- 
2. Translate. There are two ways in which we can translate this problem. esting when we connect the con- 
; cepts to the real world. 
Percent equation: 


What number is 76.9% of 147,000,0002 


Y ' v4 


= 76.9% + 147,000,000 
Proportion: 


76.9 a 
100 147,000,000 


3. Solve. We now have two ways in which to solve this problem. 
Percent equation: 


a = 76.9% - 147,000,000 
We convert 76.9% to decimal notation and multiply: 
a = 0.769 X 147,000,000 = 113,043,000. 
Proportion: 


76.9 a 
100 147,000,000 
76.9 X 147,000,000 = 100-a Equating cross products 


76.9 - 147,000,000  100-a 


100 = T00 Dividing by 100 
11,304,300,000 . 
100 
ee =e euapliyns 2. Transportation to Work. There 
4. Check. To check, we can repeat the calculations. We can also do a par- are about 147,000,000 workers 
tial check by estimating. Since 76.9% is about 80%, or 4, and 4 of 16 years or older in the United 
147,000,000 is 117,600,000 and 117,600,000 is close to 113,043,000, our States. Approximately 10.7% 


carpool to work. How many 


; . workers carpool to work? 
5. State. The number of workers who drive to work alone is 113,043,000. Sources: U.S. Census Bureau: American 


Community Survey 


answer is reasonable. 


Do Exercise 2. 


Answer 
2. 15,729,000 workers 
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New price: $21,682.30 
Increase t 


Former price: $20,455 


te eS 
f/f 


Original price: $20,455 
Decrease J 


New value: $15,341.25 


3. Percent of Increase. The price 
of a car is $36,875. The price is 
increased by 4%. 

a) How much is the increase? 


b) What is the new price? 


. Percent of Decrease. The value 
of a car is $36,875. The car 
depreciates in value by 25% after 
one year. 
a) How much is the decrease? ; 


b) What is the depreciated value 
of the car? 


Answers 


3. (a) $1475; (b) $38,350 
4. (a) $9218.75; (b) $27,656.25 
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‘b) Percent of Increase or Decrease 


Percent is often used to state increase or decrease. Let’s consider an example 
of each, using the price ofa car as the original number. 


Percent of Increase 

One year a car sold for $20,455. The manufacturer decides to raise the price of 
the following year’s model by 6%. The increase is 0.06 X $20,455, or $1227.30. 
The new price is $20,455 + $1227.30, or $21,682.30. Note that the new price 
is 106% of the former price. 


4 uN 


Increase 


New price: Percent of increase 


$21,682.30 


The increase, $1227.30, is 6% of the former price, $20,455. The percent of 
increase is 6%. 


Percent of Decrease 


Abigail buys the car listed above for $20,455. After one year, the car depreci- 
ates in value by 25%. The decrease is 0.25 X $20,455, or $5113.75. This lowers 
the value of the car to $20,455 — $5113.75, or $15,341.25. Note that the new 
value is 75% of the original price. If Abigail decides to sell the car after one 
year, $15,341.25 might be the most she could expect to get for it. 


$20,455 


Depreciated Decrease Percent of decrease 
value 


The decrease, $5113.75, is 25% of the original price, $20,455. The percent 
of decrease is 25%. 


Do Exercises 3 and 4. 


When a quantity is decreased by a certain percent, we say that we have 
percent of decrease. 


EXAMPLE 3 Dow Jones Industrial Average. The Dow Jones Industrial 
Average (DJIA) plunged from 11,143 to 10,365 on September 29, 2008. This 
was the largest one-day drop in its history. What was the percent of decrease? 
Sources: Nightly Business Reports, September 29, 2008; DJIA 


1. Familiarize. We first determine the amount of decrease and 
then make a drawing. 


11,143 Opening average 
—10,365 Closing average 
778 Decrease 


11,143 100% 


We are asking this question: The decrease is what percent of the opening 
average? We let p = the percent of decrease. 


2. Translate. There are two ways in which we can translate this problem. 
Percent equation: 


778 is whatpercent of 11,143? 


yrov« YY 


778 = Pp x 11,143 
Proportion: 
N 778 Percents Quantities 
100 0% x 0 
100 ~=—-:11,143 NO = 778 
For proportions, N% = p. + 
3. Solve. We have two ways in which to £ 
solve this problem. =e 
Percent equation: 100% + ni 


778 = p X 11,143 
778 p X 11,143 
11,143. ~—«:11,143 


Dividing by 11,143 on both sides 


778 
11,143? 
0.07 ~ p 
7% = p Converting to percent notation 
Proportion: 
N _ 778 
100: 11,143 


11,143 x N = 100 X 778 Equating cross products 
11,143 x N 100 X 778 
11,143 11,143 

77,800 
~ 11,143 
Ne&7 


Dividing by 11,143 on both sides 


We use the solution of the proportion to express the answer to the 
problem as 7%. 
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4. Check. To check, we note that, with a 7% decrease, the closing 
Dow average should be 93% of the opening average. Since 


93% X 11,143 = 0.93 X 11,143 ~ 10,363, 


and 10,363 is close to 10,365, our answer checks. (Remember 


5. Volume of Mail. The volume of that we rounded to get 7%.) 
U.S. mail decreased from about 5. State. The percent of decrease in the Dow average was approxi- 
213,138 million pieces of mail in mately 7%. 


2006 to 212,234 million pieces in 


2007. What was the percent of Do Exercise 5. 


decrease? 
Source: U.S. Postal Service When a quantity is increased by a certain percent, we say we 
have percent of increase. 


' EXAMPLE 4 Costs for Moviegoers. The average cost of movie 
tickets for a family of four was $16.56 in 1993. The cost rose to $28.32 
in 2008. What was the percent of increase in the cost for a family of 
four to attend a movie? 

Source: Motion Picture Association of America 


1. Familiarize. We first determine the increase in the cost and 
then make a drawing. 


$28.32 Cost in 2008 
— 16.56 Cost in 1993 
$11.76 Increase 


We are asking this question: The increase is what percent of the original 
cost? We let p = the percent of increase. 


2. Translate. There are two ways in which we can translate this problem. 
Percent equation: 


11.76 is whatpercent of 16.56? 


a ee en 


11.76 = Pp - 16.56 

Proportion: 
N 11.76 Percents Quantities 
100 16.56 et —_— 0 


For proportions, N% = p. 


N% 


100% 


HHH HHH 
5 
> 
o 
lop) 


Answer 
5. About 0.42% 
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3. Solve. We have two ways in which to solve this problem. 
Percent equation: 


11.76 = p X 16.56 
11.76 pX 16.56 
16.56 16.56 


ii? =p 6. Shipping Costs. The total cost 

16.56 of shipping a 40-ft container 
0.71 + p from Shanghai to New York rose 

from $5100 in 2005 to $8350 in 


Dividing by 16.56 on both sides 


71% * p Converting to percent notation Js, Bndbiinopreresrian 
Proportion: increase. 
Source: CIBC World Markets, IMF 
N _ 11.76 
100 =: 16.56 


16.56 x N= 100 X 11.76 Equating cross products 
16.56 x N 100 X 11.76 
16.56  — 16.56 

1176 
~ 16.56 
N*® 71 


Dividing by 16.56 on both sides 


We use the solution of the proportion to express the answer to the 
problem as 71%. 


4. Check. ‘To check, we take 71% of 16.56: 
71% X 16.56 = 0.71 X 16.56 = 11.7576. 


The approximation 11.7576 is close enough to 11.76 to be an excellent 
check. (Remember that we rounded to get 71%.) 


5. State. The percent of increase in the cost for a family of four to attend a 
movie is 71%. } HINA SHIPPING 


Do Exercise 6. 


Answer 
6. About 64% 
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. Distance Walked. After knee 
replacement, Alex walked ami 
each morning and ; mi each 
afternoon. How much farther 
did he walk in the afternoon? 


. Stock Prices. A stock sold for $5 
per share on Monday and only 
$2.125 per share on Friday. What 
was the percent of decrease from 
Monday to Friday? 


. SAT Score. After attending a 
class titled Improving Your SAT 
Scores, Jacob raised his total 
score from 884 to 1040. What was 
the percent of increase? 


. Change in Population. The pop- 
ulation of a small farming com- 
munity decreased from 1040 to 
884. What was the percent of 
decrease? 


. Lawn Mowing. During the 
summer, brothers Steve and 

Rob earned money for college 

by mowing lawns. The largest 
lawn that they mowed was 

24 acres. Steve can mow ¢ acre 
per hour, and Rob can mow only 
3 acre per hour. Working together, 
how many acres did they mow 
per hour? 


Translating 
for Success 


The goal of these matching questions 
is to practice step (2), Translate, of the 
five-step problem-solving process. 
Translate each word problem to an 
equation and select a correct 
translation from equations A-O. 


1 
de 


. 884 = 


250 


* 16.25 
. 156 = x: 1040 


16.25 = 250: x 


- 1040 = x- 884 


250 x 


16.25 1000 


- 2.875 = x°5 
- x- 884 = 156 
. X = 16.25 - 250 


Answers on page A-7 


6. 


10. 


Land Sale. Cole sold 2% acres 
from the 5 acres he inherited 
from his uncle. What percent 
did he sell? 


- Travel Expenses. A magazine 


photographer is reimbursed 
16.25¢ per mile for business 
travel up to 1000 mi per week. 
In a recent week, he traveled 
250 mi. What was the total 
reimbursement for travel? 


. Trip Expenses. The total 


expenses for Claire’s recent busi- 
ness trip were $1040. She put 
$884 on her credit card and paid 
the balance in cash. What 
percent did she place on her 
credit card? 


. Cost of Copies. During the first 


summer session at a community 
college, the campus copy center 
advertised 250 copies for $16.25. 
At this rate, what is the cost of 
1000 copies? 


Cost of Insurance. Following a 
raise in the cost of health insur- 
ance, 250 of a company’s 1040 
employees dropped their health 
coverage. What percent of the 
employees canceled their 
insurance? 


4.6 | BSG 


For Extra Help 


PRACTICE WATCH DOWNLOAD READ REVIEW 


( a) Solve. 


1. Foreign Students. In the 2006-2007 school year, of the 


15 million college students in the United States, 583,000 
were from foreign countries. Approximately 10.70% of 
the foreign students were from South Korea and 6.05% 
were from Japan. How many foreign students were from 
South Korea? from Japan? 

Source: Institute of International Education 


. A person earns $43,200 one year and receives an 8% 
raise in salary. What is the new salary? 


. Test Results. Ona test, Juan got 85%, or 119, of the 
items correct. How many items were on the test? 


. Farmland. In Kansas, 47,000,000 acres are farmland. 
About 5% of all the farm acreage in the United States is 
in Kansas. What is the total number of acres of farmland 
in the United States? 


Sources: U.S. Department of Agriculture; National Agricultural Statistics 
Service 


2. Mississippi River. The Mississippi River, which extends 


from its source, at Lake Itasca in Minnesota, to the Gulf of 
Mexico, is 2348 mi long. Approximately 77% of the river is 
navigable. How many miles of the river are navigable? 
Source: National Oceanic and Atmospheric Administration 


Mississippi River 


4. A person earns $28,600 one year and receives a 5% raise 


in salary. What is the new salary? 


6. Test Results. Ona test, Maj Ling got 86%, or 81.7, of the 


items correct. (There was partial credit on some items.) 
How many items were on the test? 


8. # World Population. World population is increasing 


by 1.2% each year. In 2008, it was 6.68 billion. What will 
the population be in 2015? 


Sources: U.S. Census Bureau; International Data Base 
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9. 


11. 


13. 


15. 


17. 


Car Depreciation. Acar generally depreciates 25% of 
its original value in the first year. A car is worth $27,300 
after the first year. What was its original cost? 


Test Results. Ona test of 80 items, Pedro got 93% 
correct. (There was partial credit on some items.) 
How many items did he get correct? incorrect? 


Under 15 Years Old. In Egypt, 32.6% of the population 
is under 15 years old. In the United States, 20.4% of the 
population is under 15. The population of Egypt is 
75,449,000, and the population of the United States is 
305,468,000. How many are under 15 years old in Egypt? 
in the United States? 


Sources: U.S. Census Bureau; International Data Base 


Transplant Waiting List. The total number of patients 
waiting for transplants as of September 27, 2007, was 
96,749. Of this number, 16,737 were waiting for a liver 
transplant. What percent were waiting for a liver 
transplant? 

Source: United Network for Organ Sharing 


Tipping. Fora party of 8 or more, some restaurants 
add an 18% tip to the bill. What is the total amount 
charged for a party of 10 if the cost of the meal, without 
tip, is $195? 
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10. 


12. 


14. 


16. 


18. 


Car Depreciation. Given normal use, an American- 
made car will depreciate 25% of its original cost the first 
year and 14% of its remaining value in the second year. 
What is the value of a car at the end of the second year if 
its original cost was $36,400? $28,400? $26,800? 


Test Results. Ona test of 40 items, Christina got 91% 
correct. (There was partial credit on some items.) How 
many items did she get correct? incorrect? 


Age 65 and Older. In Egypt, 4.5% of the population is 
age 65 and older. In the United States, 12.5% of the pop- 
ulation is age 65 and older. The population of Egypt is 
75,449,000, and the population of the United States is 
305,468,000. How many are age 65 and older in Egypt? in 
the United States? 

Sources: U.S. Census Bureau; International Data Base 


Doctors’ Salaries. In 2007, the starting salary for a 
neurologist was approximately 64.5% of that of an 
anesthesiologist. The beginning salary for an anesthesi- 
ologist was $275,000. What was the beginning salary 
for a neurologist? 

Source: Journal of the American Medical Association 


Tipping. Diners frequently add a 15% tip when 
charging a meal to a credit card. What is the total 
amount charged if the cost of the meal, without tip, 
is $18? $34? $49? 
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19. Fast-Food Cooks. The United States has 392,850 full- 
time farmers. This number is about 64.2% of the number 
of fast-food cooks. How many fast-food cooks are there 
in the United States? 

Source: U.S. Department of Agriculture 


21. A lab technician has 540 mL of a solution of alcohol and 
water; 8% is alcohol. How many milliliters are alcohol? 
water? 


23. U.S. Armed Forces. There were 1,385,000 people in 
the United States in active military service in 2006. 
The numbers in the four armed services are listed in the 
table below. What percent of the total does each branch 
represent? Round the answers to the nearest tenth of a 
percent. 


U.S. ARMED FORCES: 2006 
1,385,000* 


AIR FORCE 349,000 


ARMY 505,000 
NAVY 350,000 


MARINES 180,000 


*Includes National Guard, Reserve, 
and retired regular personnel on 
extended or continuous active 
duty. Excludes Coast Guard. 


SOURCES: U.S. Department of Defense; 
U.S. Census Bureau 


b Solve. 


25. Mortgage Payment Increase. Amonthly mortgage 
payment increases from $840 to $882. What is the 


percent of increase? 
$840 100% 
| 


$42 2% 


$882 


20. Spending in Restaurants. Americans spent 
$364 billion in grocery stores in 2007. This amount 
is about 933% of the amount spent in restaurants. 
How much was spent in restaurants? 
Source: U.S. Department of Agriculture 


22. A lab technician has 680 mL of a solution of water and 
acid; 3% is acid. How many milliliters are acid? water? 


24. Living Veterans. There were 23,977,000 living veterans 
in the United States in 2006. Numbers in selected age 
groups are listed in the table below. What percent of the 
total does each age group represent? Round the answers 
to the nearest tenth of a percent. 


LIVING VETERANS BY AGE: 2006 


UNDER 35 YEARS OLD 1,949,000 
35-44 YEARS OLD 2,901,000 
45-54 YEARS OLD 3,846,000 
55-64 YEARS OLD 6,081,000 
65 YEARS OLD AND OLDER 9,200,000 


SOURCES: U.S. Department of Defense; U.S. Census Bureau 


26. Savings Increase. The amount ina savings account 
increased from $200 to $216. What was the percent of 


increase? 
$200 100% 


$16 2% 


$216 
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27. A person on a diet goes from a weight of 160 lb toa 
weight of 136 Ib. What is the percent of decrease? 


29. Insulation. A15" roll of unfaced fiberglass insulation 


has a retail price of $23.43. For two weeks, it is on sale for 


$15.31. What is the percent of decrease? 


31. Mass Transit. From April through June of 2008, people 
took 2.8 billion rides on public transit in the United 
States. The ridership was up from 2.1 billion rides in 
1998. What is the percent of increase? 

Source: American Public Transportation Association 
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28. During a sale, a dress decreased in price from $90 to $72. 


What was the percent of decrease? 


$90 


30. Set of Weights. A300-lb weight set retails for $199.95. 


For its grand opening, a sporting goods store reduced 
the price to $154.95. What is the percent of decrease? 


Sale $154.%| 
Was *199.% 


32. Miles of Railroad Track. The greatest combined length 


of U.S.-owned operating railroad track was 254,037 mi in 
1916, when industrial activity increased during World 
War I. The total length has decreased ever since. By 2006, 
the number of miles of track had decreased to 140,490 mi. 
What is the percent of decrease from 1916 to 20062 


U.S. Railroad Miles 


Miles (in thousands) 
ee 
bh 
uo 


Ny 
2 


NOTE: The lengths exclude yard tracks, sidings, and parallel tracks. 
SOURCE: Association of American Railroads 
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33. 


35. 


37. 


39. 


Overdraft Fees. Consumers are paying record 
amounts of fees for overdrawing their bank accounts. 
In 2007, banks, thrifts, and credit unions collected 
$45.6 billion in overdraft fees, which is $15.1 billion 
more than in 2001. What is the percent of increase? 
Source: Moebs Services 


Immigrant Applications. From January through June 
of 2008, 46,866 immigrants applied for citizenship each 
month. During this same period in 2007, 114,469 immi- 
grants applied each month. What is the percent of 
decrease? 


Source: U.S. Citizenship and Immigration Services (USCIS) 


Patents Issued. The U.S. Patent and Trademark Office 
(USPTO) issued a total of 157,284 utility patents in 2007. 
This number of patents is down from 173,794 in 2006. 
What is the percent of decrease? 

Source: IFI Patent Intelligence 


Two-by-Four. A cross-section of a standard or nominal 
“two-by-four” board actually measures 1} in. by 33 in. 
The rough board is 2 in. by 4 in. but is planed and dried 
to the finished size. What percent of the wood is 
removed in planing and drying? 


34. 


36. 


38. Highway Fatalities. 


40. Strike Zone. 


Credit-Card Debt. In 2007, the average credit-card 
debt per household in the United States was $9840. In 
1990, the average credit-card debt was $2966. What is 
the percent of increase? 

Sources: CardWeb.com; USA TODAY 


Pharmacists. tis projected that there will be 296,000 
people employed as pharmacists in 2016. In 2006, 
243,000 members of the labor force were pharmacists. 
What is the percent of increase? 


Source: EarnMyDegree.com 


In 2007, there were 41,059 
highway fatalities, which was 1649 fewer deaths than 
in 2006. What is the percent of decrease? 

Source: National Highway Traffic Safety Administration 


In baseball, the strike zone is normally a 
17-in. by 30-in. rectangle. Some batters give the pitcher 
an advantage by swinging at pitches thrown out of the 
strike zone. By what percent is the area of the strike zone 
increased if a 2-in. border is added to the outside? 

Source: Major League Baseball 


2 in. 
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Population Increase. The table below provides data showing how the populations of various states increased from 2000 to 
2006. Complete the table by filling in the missing numbers. Round percents to the nearest tenth of a percent. 


POPULATION POPULATION 
IN 2000 IN 2006 CHANGE 


608,827 623,908 


PERCENT 
CHANGE 


Vermont 


Wisconsin 5,363,675 192,831 


Arizona 6,166,318 1,035,686 


Virginia 7,642,884 564,369 


Idaho 


1,293,953 172,512 


Georgia 8,186,453 9,363,941 


SOURCE: U.S. Census Bureau 


47. Decrease in Population. Between 2000 and 2006, the 48. Decrease in Population. Between 2000 and 2006, the 
population of North Dakota decreased from 642,200 to population of Louisiana decreased from 4,468,976 to 
635,867. What was the percent of decrease? 4,287,768. What was the percent of decrease? 

Sources: U.S. Census Bureau; U.S. Department of Commerce Sources: U.S. Census Bureau; U.S. Department of Commerce 


Original pop 


ulation: 642,200 


y= 


Recent population: 4,287,768 
~s 


Skill Maintenance 


Convert to decimal notation. [3.1b], [3.5a] 


19. 50.1! 51.27 52, 3 55. 
sa, 2 55, 56, 2017 (os 58,27 
Synthesis 

59. A coupon allows a couple to have dinner and then have 60. If pis 120% of q, then q is what percent of p? 


$10 subtracted from the bill. Before subtracting $10, 
however, the restaurant adds a tip of 20%. If the couple 
is presented with a bill for $40.40, how much would the 
dinner (without tip) have cost without the coupon? 
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(a) Sales Tax 


Sales tax computations represent a special type of percent of increase prob- 
lem. The sales tax rate in Pennsylvania is 6%. This means that the tax is 6% of 
the purchase price. Suppose the purchase price of a guitar is $839.95. The 
sales tax is then 6% of $839.95, or 0.06 < $839.95, or $50.397, or about $50.40. 


PENNSYLVANIA 
BILL: 


Purchase price = $839.95 


Sales tax 
(6% of $839.95) + 50.40 


Total price $890.35 


The total that you pay is the purchase price plus the sales tax: 
$839.95 + $50.40, or $890.35. 


Sales tax = Sales tax rate X Purchase price 
Total price = Purchase price + Sales tax 


EXAMPLE 1. Wisconsin Sales Tax. The sales tax rate in Wisconsin is 5%. 
How much tax is charged on the purchase of 3 gal of paint at $42.99 each? 
What is the total price? 


a) We first find the cost of the paint. It is 
3 X $42.99 = $128.97. 
b) The sales tax on items costing $128.97 is 


Sales tax rate X Purchase price 


WISCONSIN 


5% x $128.97, 


or 0.05 X 128.97, or 6.4485. Thus the tax is $6.45 (rounded 
to the nearest cent). 


c) The total price is given by the purchase price plus the sales tax: 
$128.97 + $6.45, or $135.42. 


To check, note that the total price is the purchase price plus 5% of the 
purchase price. Thus the total price is 105% of the purchase price. Since 
1.05 X 128.97 ~ 135.42, we have a check. The sales tax is $6.45, and the total 
price is $135.42. ) 
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1. Texas Sales Tax. The sales 
tax rate in Texas is 6.25%. In Texas, 
how much tax is charged on the 
purchase of an ultrasound 
toothbrush that sells for $139.952 
What is the total price? 


2. Wyoming Sales Tax. Samantha 
buys 7 copies of The Last Lecture 
by Randy Pausch with Jeffrey 
Zaslow for $14.95 each. The sales 
tax rate in Wyoming is 4%. In 
Wyoming, how much sales tax 
will be charged? What is the total 
price? 


3. The sales tax on the purchase of 
a set of holiday dishes that costs 
$449 is $26.94. What is the sales 
tax rate? 


es fe. 7 
Price: ? 
$12.74 tax @ 8% 


4. The sales tax on the purchase of 
a pair of designer jeans is $4.84 
and the sales tax rate is 5.5%. 
Find the purchase price (the 
price before taxes are added). 


Answers 


1. $8.75; $148.70 2. $4.19; $108.84 
3.6% 4. $88 


Do Exercises 1 and 2. 


. EXAMPLE 2 The sales tax on the purchase of this GPS navigator, which 
costs $799, is $55.93. What is the sales tax rate? 


GPS Navigator 
4.3"-screen 
with speech 
recognition 


$799 


+ $55.93 sales tax 


We rephrase and translate as follows: 


Rephrase: Salestax is whatpercent of purchase price? 


Translate: 55.93 = r x 799. 
To solve the equation, we divide by 799 on both sides: 


55.93 1x 799 


799 799 
55.93 _ 


799 
0.07 =r 
7% =f. 


Sd 


The sales tax rate is 7%. 


Do Exercise 3. 


’ EXAMPLE 3 The sales tax on the purchase of a stone-top firepit is $12.74 
and the sales tax rate is 8%. Find the purchase price (the price before taxes are 
added). 


We rephrase and translate as follows: 


Rephrase: Sales tax 8% of what? 


is 
yyy y 4 
Translate: 12.74 = 
12.74 = 0.08 X b. 


To solve, we divide by 0.08 on both sides: 
12.74 0.08 x b 


0.08 0.08 
12.74 _ 
0.08 
159.25 = b. 
The purchase price is $159. 25. b 


Do Exercise 4. 
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-b) Commission 


When you work for a salary, you receive the same amount of money each PACE YOURSELF 
week or month. When you work for a commission, you are paid a percentage 


: : Most instructors agree that it is 
of the total sales for which you are responsible. 


better for a student to study for 
one hour four days in a week 
four hours. Of course, the total 
Commission = Commission rate X Sales weekly study time will vary from 


student to student. It is common 
to expect an average of two hours 


EXAMPLE 4 Appliance Sales. A salesperson’s commission rate is 3%. of homework for each hour of 
What is the commission from the sale of $8300 worth of appliances? class time. 


Commission = Commission rate < Sales 


G = 3% xX 8300 
C = 0.03 xX 8300 
C = 249 
5. Hailey’s commission rate is 15%. 
The commission is $249. What is the commission from 


the sale of $9260 worth of 


| Do Exercise 5. exercise equipment? 


EXAMPLE 5 Earth-Moving Equipment Sales. Gavin earns a commission 
of $20,800 selling $320,000 worth of earth-moving equipment. What is the 
commission rate? 


Commission = Commission rate X Sales 
20,800 = r X 320,000 


Answer 
5. $1389 
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To solve this equation, we divide by 320,000 on both sides: 
20,800 rr X 320,000 


320,000 320,000 
0.065 


6.5% 


r 


i 
6. William earns a commission of 


$2040 selling $17,000 worth of The commission rate is 6.5%. h 
concert tickets. What is the 


commission rate? Do Exercise 6. 


' EXAMPLE 6 Cruise Vacations. Mia’s commission rate is 5.6%. She received 
a commission of $2457 on cruise vacation packages that she sold in November. 
How many dollars worth of cruise vacations did she sell? 


Commission = Commission rate X Sales 
2457 = 5.6% x S, or 
2457 = 0.056 x S 
To solve this equation, we divide by 0.056 on both sides: 
2457 ~=0.056 x S 
0.056 0.056 
2457 _ 


0.056 — 
43,875 = S. 


Mia sold $43,875 worth of cruise vacation packages. 


Do Exercise 7. 


7. Dylan’s commission rate is 7.5%. 
He receives a commission of 


$2970 from the sale of winter ski (c) Discount 
passes. How many dollars worth 
Of ski passes did he'sell? Suppose that the regular price of a rug is $60, and the rug is on sale at 25% off. 
Since 25% of $60 is $15, the sale price is $60 — $15, or $45. We call $60 the 
original, or marked, price, 25% the rate of discount, $15 the discount, and 
$45 the sale price. Note that discount problems are a type of percent of 
decrease problem. 
DISCOUNT AND SALE PRICE 
Discount = Rate of discount x Original price 
Sale price = Original price — Discount 
Answers 


6.12% 7. $39,600 
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i 


=z 


EXAMPLE 7 Aleather sofa marked $2379 is on sale at 334% off. What is the 
discount? the sale price? 


Leather sofa 
$2379 original price 


Save 333% 


a) Discount = Rateofdiscount Xx Original price 
D = 333% x 2379 
D = : x 2379 
3 
2 
D= eit) = 793 
3 
b) Sale price = Original price — Discount 
S — 2379 - 793 
S = 1586 


The discount is $793, and the sale price is $1586. 


Do Exercise 8. 


EXAMPLE 8 _ The price of a snowblower is marked down from $950 to 
$779. What is the rate of discount? 


We first find the discount by subtracting the sale price from the original 
price: 


950 — 779 = 171. 


The discount is $171. 
Next, we use the equation for discount: 


Discount = Rateofdiscount X Original price 
171 = r x 950. 


To solve, we divide by 950 on both sides: 


171 _ r xX 950 

950 950 

ag 

950 To check, note that an 18% discount 

0.18 =r rate means that 82% of the original 
price is paid: 

18% =r. 


‘ : 0.82 x $950 = $779. a 
The discount rate is 18%. L 


Do Exercise 9. 


8. A computer marked $660 is on 
sale at 165% off. What is the 
discount? the sale price? 


PEL RT 


RY Fores 


9. The price of a winter coat is 
reduced from $75 to $60. 
Find the rate of discount. 


Answers 
8. $110;$550 9. 20% 
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PRACTICE WATCH DOWNLOAD READ REVIEW. 


For Extra Help 
MyMathLab |) ene. SS 


(@) Solve 
1. Wyoming Sales Tax. The sales tax rate in Wyoming is 2. Kansas Sales Tax. The sales tax rate in Kansas is 5.3%. 
4%. How much sales tax would be charged on a fireplace How much sales tax would be charged on a fireplace 
screen with doors that costs $2392 screen with doors that costs $239? 
3. Ohio Sales Tax. The sales tax rate in Ohio is 5.5%. 4. New Mexico Sales Tax. The sales tax rate in New 
How much sales tax would be charged on a dog Mexico is 5%. How much sales tax would be charged 
jacket that sells for $29.50? on a pair of sunglasses that sells for $129.95? 


NEW MEXICO 


5. California Sales Tax. The sales tax rate in California is 6. Illinois Sales Tax. The sales tax rate in Illinois is 6.25%. 
7.25%. How much sales tax is charged on a purchase of How much sales tax is charged on a purchase of 3 wet- 
4 travel contour foam pillows at $39.95 each? What is the dry vacs at $60.99 each? What is the total price? 
total price? 

7. The sales tax is $30 on the purchase of a diamond ring 8. The sales tax is $48 on the purchase of a dining room set 
that sells for $750. What is the sales tax rate? that sells for $960. What is the sales tax rate? 

9. The sales tax on the purchase of a new fishing boat is 10. The sales tax on the purchase of a used car is $100 and the 
$112 and the sales tax rate is 2%. What is the purchase sales tax rate is 5%. What is the purchase price? 


price (the price before tax is added)? 


11. The sales tax rate in New York City, New York, is 4.375% 12. The sales tax rate in Nashville, Tennessee, is 2.25% for 
for the city and 4% for the state. Find the total amount Davidson County and 7% for the state. Find the total 
paid for 6 boxes of chocolates at $17.95 each. amount paid for 2 ladders at $39 each. 
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13. The sales tax rate in Seattle, Washington, is 2.5% for King 


15. 


17. 


19. 


21. 


25. 


County and 6.5% for the state. Find the total amount 
paid for 3 ceiling fans at $84.49 each. 


The sales tax rate in Atlanta, Georgia, is 1% for the 
city, 3% for Fulton County, and 4% for the state. 
Find the total amount paid for 6 basketballs at 
$29.95 each. 


Solve. 


Jose’s commission rate is 21%. What is the commission 
from the sale of $12,500 worth of windows? 


Olivia earns $408 selling $3400 worth of shoes. What is 
the commission rate? 


Clothing Consignment Commission. A clothing 
consignment shop’s commission rate is 40%. The 
shop receives a commission of $552. How many 
dollars worth of clothing were sold? 


Sabrina’s commission is increased according to how 
much she sells. She receives a commission of 4% for the 
first $1000 of sales and 7% for the amount over $1000. 
What is the total commission on sales of $55002 


14. 


16. 


18. 


20. 


22. 


23. 


24. 


26. 


The sales tax rate in Miami, Florida, is 1% for Dade 
County and 6% for the state. Find the total amount 
paid for 2 tires at $49.95 each. 


The sales tax rate in Dallas, Texas, is 1% for the city, 1% 
for Dallas County, and 6.25% for the state. Find the total 
amount paid for 5 shrubs at $19.95 each. 


Jasmine’s commission rate is 6%. What is the 
commission from the sale of $45,000 worth of lawn 
irrigation systems? 


Mitchell earns $120 selling $2400 worth of television 
sets. What is the commission rate? 


Real Estate Commission. A real estate agent's com- 
mission rate is 7%. She receives a commission of $12,950 
from the sale of a home. How much did the home sell 
for? 


David earns $1147.50 selling $7650 worth of car parts. 
What is the commission rate? 


Isabella earns $280.80 selling $2340 worth of tee shirts. 
What is the commission rate? 


Miguel’s commission is increased according to how 
much he sells. He receives a commission of 5% for the 
first $2000 of sales and 8% for the amount over $2000. 
What is the total commission on sales of $6200? 
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( Cc) Complete the table below by filling in the missing numbers. 


MARKED PRICE RATE OF DISCOUNT DISCOUNT SALE PRICE 


27. $300 10% 
28. $2000 40% 
Pao 10% $12.50 
30. 15% $65.70 
31. $600 $240 
32. $12,800 $1920 
) 


33. Find the discount and the rate of discount for the pinball 


machine in this ad. 


Skill Maintenance 


Find decimal notation. [3.5a] 


5 23 11 
35. 9 36. 1 37. DP 


Convert to standard notation. [3.3b] 
41. 4.03 trillion 42. 5.8 million 


Synthesis 


45. Fa John receives a 10% commission on the first $5000 in 
sales and 15% on all sales beyond $5000. If John receives 


a commission of $2405, how much did he sell? Use a 


calculator and trial and error if you wish. 
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34. Find the marked price and the rate of discount for the 
digital photo frame in this ad. 


Save 

$90 
Digital 
photo 
frame 


Now 


$135 


13 15 19 
38. 7 39. 7 40. D 
43. 42.7 million 44. 6.09 trillion 


46. Tee shirts are being sold at the mall for $5 each, or 3 for 
$10. If you buy three tee shirts, what is the rate of 
discount? 
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(a) Simple Interest 


Suppose you put $1000 into an investment for 1 year. The $1000 is called the 
principal. If the interest rate is 5%, in addition to the principal, you get back 
5% of the principal, which is 


5% of $1000, or 0.05 X $1000, or $50.00. 


The $50.00 is called simple interest. It is, in effect, the price that a financial 
institution pays for the use of the money over time. 


SIMPLE INTEREST FORMULA 


The simple interest J on principal P, invested for t years at interest 


rate r, is given by 


I=P-r-t. 


EXAMPLE 1. What is the simple interest on $2500 invested at an interest 
rate of 6% for 1 year? 


We use the formula] = P-r-: t: 
I= P-r-t= $2500 X 6% X 1 
= $2500 X 0.06 
= $150. 


The simple interest for 1 year is $150. i 


| Do Margin Exercise 1. 


EXAMPLE 2 What is the simple interest on a principal of $2500 invested 
at an interest rate of 6% for 3 months? 


We use the formula = P - r- tand express 3 months as a fraction of a year: 


3 1 
f= Pete t= Gea) XOX G5 = $2500 * 6% x 


2 x 0. 
$2500 x 0.06 ~ $37.50. 
4 
The simple interest for 3 months is $37.50. ) 


| Do Margin Exercise 2. 


When time is given in days, we generally divide it by 365 to express the 
time as a fractional part of a year. 


EXAMPLE 3 To pay for a shipment of lawn furniture, Patio by Design 
borrows $8000 at 97% for 60 days. Find (a) the amount of simple interest that 
is due and (b) the total amount that must be paid after 60 days. 


SKILL TO REVIEW 
Objective 4.2b: Convert between 
percent notation and decimal 
notation. 


Find decimal notation. 


5 1 
1. 34— Fa 
3 3” 54% 


1. What is the simple interest on 
$4300 invested at an interest rate 
of 4% for 1 year? 


2. What is the simple interest on a 
principal of $4300 invested at an 
interest rate of 4% for 9 months? 


Answers 
Skill to Review: 
1. 0.34625 2. 0.0525 


Margin Exercises: 
1. $172 2. $129 
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3. The Glass Nook borrows $4800 
at 83% for 30 days. Find (a) the 
amount of simple interest due 
and (b) the total amount that 
must be paid after 30 days. 


4, Find the amount in an account 
if $2000 is invested at 9%, 
compounded annually, for 
2 years. 


Answers 
3. (a) $33.53; (b) $4833.53 4. $2376.20 
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a) We express 60 days as a fractional part of a year: 


3 60 
T=P-r-t= 00 x 9-% xX —— 
r $8000 a” 365 


60 
= $8000 x 0.0975 x =~ 
$8000 x 0.0975 x Fe 


= $128.22. 


The interest due for 60 days is $128.22. 
b) The total amount to be paid after 60 days is the principal plus the interest: 


$8000 + $128.22 = $8128.22. 
The total amount due is $8128.22. 


Do Exercise 3. 


‘b) Compound Interest 


When interest is paid on interest, we call it compound interest. This is the 
type of interest usually paid on investments. Suppose you have $5000 in a 
savings account at 6%. In 1 year, the account will contain the original $5000 
plus 6% of $5000. Thus the total in the account after 1 year will be 


106% of $5000, or 1.06 X $5000, or $5300. 


Now suppose that the total of $5300 remains in the account for another year. 
At the end of this second year, the account will contain the $5300 plus 6% of 
$5300. The total in the account would thus be 


106% of $5300, or 1.06 X $5300, or $5618. 
Note that in the second year, interest is also earned on the first year’s interest. 


When this happens, we say that interest is compounded annually. 


5000 at 6% for ] yr 5300 at 6% for ] ye 


EXAMPLE 4 _ Find the amount in an account if $2000 is invested at 8%, 
compounded annually, for 2 years. 


a) After 1 year, the account will contain 108% of $2000: 
1.08 X $2000 = $2160. 

b) At the end of the second year, the account will contain 108% of $2160: 
1.08 X $2160 = $2332.80. 


The amount in the account after 2 years is $2332.80. 


Do Exercise 4. 


Suppose that the interest in Example 4 were compounded semi- 
annually—that is, every half year. Interest would then be calculated twice a 
year at arate of 8% ~ 2, or 4% each time. The approach used in Example 4 
can then be adapted, as follows. 

After the first 3 year, the account will contain 104% of $2000: 


1.04 x $2000 = $2080. 

After a second 5 year (1 full year), the account will contain 104% of $2080: 
1.04 X $2080 = $2163.20. 

After a third 3 year ( 13 full years), the account will contain 104% of $2163.20: 
1.04 X $2163.20 = $2249.728 


= $2249.73. Rounding to the nearest cent 


Finally, after a fourth 5 year (2 full years), the account will contain 104% of 
$2249.73: 
1.04 X $2249.73 = $2339.7192 


= $2339.72. Rounding to the nearest cent 


Let’s summarize our results and look at them another way: 


End of lst} year —>1.04 x 2000 = 2000 x (1.04)}; 

End of 2nd} year —>1.04 x (1.04 x 2000) = 2000 x (1.04)*; 

End of 3rd3 year —>1.04 X (1.04 X 1.04 x 2000) = 2000 x (1.04); 

End of 4th} year —>1.04 x (1.04 x 1.04 x 1.04 x 2000) = 2000 x (1.04)*. 


Note that each multiplication was by 1.04 and that 


$2000 x 1.044 = $2339.72. Using a calculator and rounding to the 


nearest cent 


We have illustrated the following result. 


COMPOUND INTEREST FORMULA 


If a principal P has been invested at interest rate r, compounded 
n times a year, in fyears it will grow to an amount A given by 


nt 
a=p-(1+2) 
n 


Let’s apply this formula to confirm our preceding discussion, where the 
amount invested is P = $2000, the number of years is ¢ = 2, and the number 
of compounding periods each year is n = 2. Substituting into the compound 
interest formula, we have 


nt 2:2 
a=p-(1+1) = 2000: (1 + %) 
n 2 


4 
= $2000 - (: + 208) = $2000(1.04)4 


= $2000 X 1.16985856 ~ $2339.72. 


If you were using a calculator, you could perform this computation in one step. 


WORKING WITH 
A CLASSMATE 


If you are finding it difficult to 
master a particular topic or con- 
cept, try talking about it with 

a classmate. Verbalizing your 
questions about the material 
might help clarify it. If your 
classmate is also finding the 
material difficult, it is possible that 
others in your class are confused 
and you can ask your instructor to 
explain the concept again. 
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' EXAMPLE 5 The Ibsens invest $4000 in an account paying 52%, com- 
pounded quarterly. Find the amount in the account after 23 years. 


The compounding is quarterly, so n is 4. We substitute $4000 for P, 52%, 
or 0.05625, for r, 4 for n, and 23, or 3, for tand compute A: 


r\nt 52% \ 45/2 
a=p-(1+1) = $4000- {1+ 
0.05625 \!° 
= $4000 - (1 + ) 
4 
= $4000(1.0140625)!° 
5. A couple invests $7000 in an ~ $4599.46. 

account paying 62%, 7 
compounded semiannually. The amount in the account after 25 years is $4599.46. | 


Find the amount in the account 


after 14 years. Do Exercise 5. 


Calculator Corner 


Compound Interest A calculator is useful in computing compound interest. Not only does it perform computations 
quickly but it also eliminates the need to round until the computation is completed. This minimizes “round-off errors” that occur when 
rounding is done at each stage of the computation. We must keep order of operations in mind when computing compound interest. 

To find the amount due on a $20,000 loan made for 25 days at 11% interest, compounded daily, we would compute 


20,000( 1 + ay To do this on a calculator, we press| 2 |[0][0][ 0 |[0 | [x] LC [1] [+] [| [1][4] [=] [3][¢ [5] | Fa 


I 
(or {A }) [2] {5 |=]. Using a calculator that does not have parentheses, we would first find 1 + = raise this result to the 25th power, 


(or [A)[2]E5] [=] x] [2 ][o] [0 


=a 


+] (J Jad E] fs dfe Je] [=] [x 


and then multiply by 20,000. To do this, we press 
0 || 0 |) =|. In either case, the result is 20,151.23, rounded to the nearest cent. 


Some calculators have business keys that allow such computations to be done more quickly. 


Exercises: 
1. Find the amount due on a $16,000 loan made for 62 days at 13% interest, compounded daily. 


2. An investment of $12,500 is made for 90 days at 8.5% interest, compounded daily. How much is the investment 
worth after 90 days? 


(c) Credit Cards 


According to CardWeb.com, the average credit-card debt per household 
in the United States was $9840 in 2007. According to a 2007 survey by 
student lender Nellie Mae, the average college graduate has a $2748 
credit-card debt. 

The money you obtain through the use of a credit card is not “free” 
money. There is a price (interest) to be paid for the privilege. A balance 
carried on a credit card is a type of loan. Comparing interest rates is 
essential if one is to become financially responsible. A small change in 
an interest rate can make a large difference in the cost of aloan. When 
you make a payment on a credit card, do you know how much of that 
payment is interest and how much is applied to reducing the principal? 


Answer 
5. $7690.94 
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EXAMPLE 6 Credit Cards. After the holidays, Sarah has a balance of 
$3216.28 on a credit card with an annual percentage rate (APR) of 19.7%. She 
decides not to make additional purchases with this card until she has paid off 
the balance. 


a) 


b) 


C) 


d) 


a) 


b) 


C) 


Many credit cards require a minimum monthly payment of 2% of the 
balance. At this rate, what is Sarah’s minimum payment on a balance of 
$3216.28? Round the answer to the nearest dollar. 


Find the amount of interest and the amount applied to reduce the principal 
in the minimum payment found in part (a). 


If Sarah had transferred her balance to a card with an APR of 12.5%, how 
much of her first payment would be interest and how much would be 
applied to reduce the principal? 


Compare the amounts for 12.5% from part (c) with the amounts for 19.7% 
from part (b). 

We solve as follows. 
We multiply the balance of $3216.28 by 2%: 


0.02 X $3216.28 = $64.3256. Sarah’s minimum payment, 
rounded to the nearest dollar, is $64. 


The amount of interest on $3216.28 at 19.7% for one month* is given by 
1 
I= P-r-t= $3216.28 X 0.197 X = $52.80. 


We subtract to find the amount applied to reduce the principal in the first 
payment: 


Amountappliedto _ ,,.. Interest for 
=M t= 

reduce the principal ee a the month 
= $64 — $52.80 
= $11.20. 


Thus the principal of $3216.28 is decreased by only $11.20 with the first 
payment. (Sarah still owes $3205.08.) 


The amount of interest on $3216.28 at 12.5% for one month is 
ui 
I= P-r-t= $3216.28 X 0.125 x D = $33.50. 


We subtract to find the amount applied to reduce the principal in the first 
payment: 


Amount appliedto _ Mini _ Interest for 
reduce the principal — prea eee the month 
= $64 — $33.50 

= $30.50. 


Thus the principal of $3216.28 is decreased by $30.50 with the first pay- 
ment. (Sarah still owes $3185.78.) 


*Actually, the interest on a credit card is computed daily with a rate called a daily percent- 
age rate (DPR). The DPR for Example 6 would be 19.7%/365 = 0.054%. When no payments 
or additional purchases are made during the month, the difference in total interest for the 
month is minimal and we will not deal with it here. 


6. Credit Cards. After the 
holidays, Jamal has a balance of 
$4867.59 on a credit card with an 
annual percentage rate (APR) of 
21.3%. He decides not to make 
additional purchases with this 
card until he has paid off the 
balance. 


a) Many credit cards require a 
minimum monthly payment 
of 2% of the balance. What is 
Jamal’s minimum payment 
on a balance of $4867.59? 
Round the answer to the 
nearest dollar. 


b) Find the amount of interest 
and the amount applied to 
reduce the principal in the 
minimum payment found in 
part (a). 

c) If Jamal had transferred his 
balance to a card with an 
APR of 13.6%, how much of 
his first payment would be 
interest and how much 
would be applied to reduce 
the principal? 

d) Compare the amounts for 
13.6% from part (c) with the 
amounts for 21.3% from 
part (b). 


Answers 


6. (a) $97; (b) interest: $86.40; amount applied 
to principal: $10.60; (c) interest: $55.17; 
amount applied to principal: $41.83; (d) At 
13.6%, the principal was reduced by $31.23 
more than at the 21.3% rate. The interest at 
13.6% is $31.23 less than at 21.3%. 
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d) Let’s organize the information for both rates in the following table. 


BALANCE BEFORE FIRST MONTH'S AMOUNT OF AMOUNT APPLIED BALANCE AFTER 
FIRST PAYMENT PAYMENT % APR INTEREST TO PRINCIPAL FIRST PAYMENT 


$3216.28 19.7% $52.80 $11.20 $3205.08 
3216.28 fo N25) 33.50 30.50 3185.78 


Difference in balance after first payment > $19.30 


At 19.7%, the interest is $52.80 and the principal is decreased by $11.20. At 
12.5%, the interest is $33.50 and the principal is decreased by $30.50. Thus the 
interest at 19.7% is $52.80 — $33.50, or $19.30, greater than the interest at 
12.5%. Thus the principal is decreased by $30.50 — $11.20, or $19.30, more 
with the 12.5% rate than with the 19.7% rate. 


Do Exercise 6 on the preceding page. J 


Even though the mathematics of the information in the table below is be- 
yond the scope of this text, it is interesting to compare how long it takes to 
pay off the balance of Example 6 if Sarah continues to pay $64 for each pay- 
ment with how long it takes if she pays double that amount, $128, for each 
payment. Financial consultants frequently tell clients that if they want to take 
control of their debt, they should pay double the minimum payment. 


PAYMENT NUMBER OF PAYMENTS TOTAL PAID ADDITIONAL COST 


PER MONTH TO PAY OFF DEBT BACK OF PURCHASES 
19.7% $64 107, or 8 yr 11 mo $6848 $3631.72 
IL? 128 33, or 2 yr 9 mo 4224 1007.72 
WES 64 72, or 6 yr 4608 ISI 2 
125) 128 29, or 2 yr 5 mo 3712 495.72 


As with most loans, if you pay an extra amount toward the principal with 
each payment, the length of the loan can be greatly reduced. Note that at the 
rate of 19.7%, it will take Sarah almost 9 yr to pay off her debt if she pays only 
$64 per month and does not make additional purchases. If she transfers her 
balance to a card with a 12.5% rate and pays $128 per month, she can eliminate 
her debt in approximately 25 yr. You can see how debt can get out of control if 
you continue to make purchases and pay only the minimum payment each 
month. The debt will never be eliminated. 
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5 For Extra Help 
Exercise Set MyMathLab\ “te fa. 


READ REVIEW. 


(a) Find the simple interest. 


PRINCIPAL RATE OF INTEREST TIME SIMPLE INTEREST 


1. $200 4% 1 year 

2 $200 7.7% 3 year 

a $4300 10.56% + year 

4. | $80,000 62% 7s year 

5. $20,000 43% 1 year 
| 6. $8000 9.42% 2 months 

7. | $50,000 53% 3 months 
L 8. | $100,000 35% 1 year 

4 

Solve. Assume that simple interest is being calculated in each case. 

9. CopiPix, Inc. borrows $10,000 at 9% for 60 days. Find 10. Sal’s Laundry borrows $8000 at 10% for 90 days. Find 
(a) the amount of interest due and (b) the total amount (a) the amount of interest due and (b) the total amount 
that must be paid after 60 days. that must be paid after 90 days. 

11. Animal Instinct, a pet supply shop, borrows $6500 at 12. Andante’s Cafe borrows $4500 at 125% for 60 days. Find 
5;% for 90 days. Find (a) the amount of interest due and (a) the amount of interest due and (b) the total amount 
(b) the total amount that must be paid after 90 days. that must be paid after 60 days. 


bl 


13. Jean’s Garage borrows $5600 at 10% for 30 days. Find 14. Shear Delights Hair Salon borrows $3600 at 4% for 
(a) the amount of interest due and (b) the total amount 30 days. Find (a) the amount of interest due and (b) the 
that must be paid after 30 days. total amount that must be paid after 30 days. 
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b Interest is compounded annually. Find the amount in the account after the given length of time. Round to the nearest cent. 


PRINCIPAL RATE OF INTEREST TIME AMOUNT IN THE ACCOUNT 


$400 2 years 
16. $450 4% 2 years 
17. $2000 8.8% 4 years 
18. $4000 7.7% 4 years 
19. $4300 10.56% 6 years 
20. $8000 9.42% 6 years 
21. $20,000 63% 25 years 
22. | $100,000 51% 30 years 

L y 


Interest is compounded semiannually. Find the amount in the account after the given length of time. Round to the nearest cent. 


PRINCIPAL RATE OF INTEREST TIME AMOUNT IN THE ACCOUNT 


$4000 6% 1 year 
24, $1000 5% 1 year 
25. $20,000 8.8% 4 years 
26. $40,000 7.7% 4 years 
Path $5000 10.56% 6 years 
28. $8000 9.42% 8 years 
29. | $20,000 73% 25 years 
30. | $100,000 42% 30 years 
Ss 
Solve. 
31. A family invests $4000 in an account paying 6%, com- 32. A couple invests $2500 in an account paying 3%, 
pounded monthly. How much is in the account after compounded monthly. How much is in the account 
5 months? after 6 months? 
33. A couple invests $1200 in an account paying 10%, 34. The O’Hares invest $6000 in an account paying 8%, 
compounded quarterly. How much is in the account compounded quarterly. How much is in the account 
after 1 year? after 18 months? 
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35. 


37. 


Solve. 


Credit Cards. Amelia has a balance of $1278.56 ona 
credit card with an annual percentage rate (APR) of 
19.6%. The minimum payment required in the current 
statement is $25.57. Find the amount of interest and the 
amount applied to reduce the principal in this payment 
and the balance after this payment. 


Credit Cards. Antonio has a balance of $4876.54 ona 
credit card with an annual percentage rate (APR) of 21.3%. 


a) Many credit cards require a minimum monthly 
payment of 2% of the balance. What is Antonio's 
minimum payment on a balance of $4876.54? Round 
the answer to the nearest dollar. 

b) Find the amount of interest and the amount applied 
to reduce the principal in the minimum payment 
found in part (a). 

c) If Antonio had transferred his balance to a card with 
an APR of 12.6%, how much of his payment would be 
interest and how much would be applied to reduce 
the principal? 

d) Compare the amounts for 12.6% from part (c) with 
the amounts for 21.3% from part (b). 


Skill Maintenance 


36. 


38. 


Credit Cards. Lawson has a balance of $1834.90 ona 
credit card with an annual percentage rate (APR) of 
22.4%. The minimum payment required in the current 
statement is $36.70. Find the amount of interest and the 
amount applied to reduce the principal in this payment 
and the balance after this payment. 


Credit Cards. Becky has a balance of $5328.88 on a credit 
card with an annual percentage rate (APR) of 18.7%. 


a) Many credit cards require a minimum monthly pay- 
ment of 2% of the balance. What is Becky’s minimum 
payment on a balance of $5328.88? Round the answer 
to the nearest dollar. 

b) Find the amount of interest and the amount applied 
to reduce the principal in the minimum payment 
found in part (a). 

c) If Becky had transferred her balance to a card with 
an APR of 13.2%, how much of her payment would 
be interest and how much would be applied to 
reduce the principal? 

d) Compare the amounts for 13.2% from part (c) with 
the amounts for 18.7% from part (b). 


In each of Exercises 39-46, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


39. 


40. 


41. 
42. 
43. 
44, 


45. 


46. 


If the product of two numbers is 1, they are of 


each other. [2.2b] 


A number is if its ones digit is even and the sum 


of its digits is divisible by 3. [1.8a] 
The number 0 is the identity. [1.2a] 
A ratio is the of two quantities. [4.la] 


The distance around an object is its [1.2b] 


A number is 
by3. [1.8a] 


if the sum of its digits is divisible 


A natural number that has exactly two different factors, only itself 
and 1, is called a number. [1.7c] 


When two pairs of numbers have the same ratio, they are 
[4.1c] 


Synthesis 


divisible by 3 
divisible by 4 
divisible by 6 
divisible by 9 
perimeter 
area 

average 
quotient 
reciprocals 
proportional 
composite 
prime 
additive 


multiplicative 


Effective Yield. The effective yield is the yearly rate of simple interest that corresponds to a rate for which interest is com- 
pounded two or more times a year. For example, if P is invested at 12%, compounded quarterly, we would multiply P by 

(1 + 0.12/4)4, or 1.034. Since 1.034 ~ 1.126, the 12% compounded quarterly corresponds to an effective yield of approximately 
12.6%. In Exercises 47 and 48, find the effective yield for the indicated account. 


# The account pays 9% compounded monthly. 


4.8 Simple Interest and Compound Interest; Credit Cards 


48. # The account pays 10% compounded daily. 
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4 Summary and Review 


Key Terms and Formulas 


ratio, p. 256 sales tax, p. 315 sale price, p. 318 

rate, p. 259 total price, p. 315 principal, p. 323 

cross products, p. 260 commission, p. 317 interest rate, p. 323 

proportional, p. 260 original price, p. 318 simple interest, p. 323 

percent notation, n%, p. 273 marked price, p. 318 compound interest, p. 324 

percent of decrease, p. 304 rate of discount, p. 318 compounded annually, p. 324 
percent of increase, p. 306 discount, p. 318 compounded semi-annually, p. 325 


purchase price, p. 315 


Commission = Commission rate X Sales Simple Interest: I=P-r-t 


Di t = Rate of discount X Original price pV 
packs eee Compound Interest: A= P.- (1 + ") 
Sale price = Original price — Discount n 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. When we simplify a ratio like , we find two other numbers in the same ratio. [4.1a] 


ac c_ad 
2. Th tion — = — Iso be written as— = —. [4.1d 
e proportion ae can als a 7 [ ] 
3. A fixed principal invested for 4 years will earn more interest when interest is 
compounded quarterly than when interest is compounded semiannually. [4.8b] 


5 1 

4. Of the numbers 0.5%, 000 ”” 
5. If principal A equals principal B and principal A is invested for 2 years at 4%, 

compounded quarterly, while principal B is invested for 4 years at 2%, compounded 
semiannually, the interest earned from each investment is the same. [4.8b] 


1 es, = 
%, 5 and 0.1, the largest number is 0.1. [4.2b], [4.3a, b] 


Important Concepts 


Objective 4.la_ Find fraction notation for ratios. 


Example Find the ratio of 7 to 18. Practice Exercise 
Write a fraction with a numerator of 7 and a denominator 1. Find the ratio of 17 to 3. 
7 
of 18: —. 
18 


Objective 4.1b Give the ratio of two different measures as a rate. 


Example A driver travels 156 mi on 6.5 gal of gas. What is Practice Exercise 
the rate in miles per gallon? 2. A student earned $120 for working 16 hr. What was the 
156mi 156 mi mi rate of pay per hour? 


= = 24 , or 24 
6.5gal 6.5 gal gal es 
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4 
Objective 4.1¢ Determine whether two pairs of numbers are proportional. 


Example Determine whether 3, 4 and 7, 9 are proportional. Practice Exercise 
We have 3. Determine whether 7, 9 and 21, 27 are 
2 ; 
yy * Fr a” proportional. 


3 
3-9=27 ==— 
49 


Since the cross products are not the same (27 # 28), 


3.7 
ri # 9 and the numbers are not proportional. 


Objective 4.1d Solve proportions. 


3 sy Practice Exercise 
Example Solve: — = =. 
4 7 9 8 
3 _ y 4. Solve: - _ 3° 
4 7 
3-7=4-y Equating cross products 
See a" 
= = Dividing by 4 on both sides 
21 
4% 


2 
The solution is re 


Objective 4.1e Solve applied problems involving proportions. 


Example Martina bought 3 tickets to a campus theater Practice Exercise 
i i 2 ; ; ae 
production for $16.50. How much would 8 tickets cost? 5. Ona map, i in. represents 50 mi. If two cities are 
We translate to a proportion. 13 in. apart on the map, how far apart are they in 
Tickets —> 3  _ 8 <~ Tickets reality? 


Cost —> 16.50 c <—Cost 
3-c= 16.50: 8 Equating cross 
products 

16.50 - 8 

oa 

3 
c= 44 
Eight tickets would cost $44. 


Objective 4.2b Convert between percent notation and decimal notation. 


3 Practice Exercise 
Example Find decimal notation for 12) %: 


5 
6. Find decimal notation for 62—%. 


ll 


3 
127% 12.75 x 0.01 


ll 


0.1275 
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a 


Objective 4.3a Convert from fraction notation to percent notation. 


: : 5 Practice Exercise 
Example Find percent notation for Te 


7 
7. Find percent notation for —. 


0.416 ll 


5 _ _ 2 
>. = 0.416 = 41.8%, or 412 
12)5.000 2 ae 
48 


Objective 4.3b Convert from percent notation to fraction notation. 


Example Find fraction notation for 9.5%. Practice Exercise 


95 95 5:19 5 19 19 8. Find fraction notation for 6.8%. 


9.5% = ; = 
100 1000 5-200 5 200 200 


Objective 4.4b Solve basic percent problems. 


Example 165 is what percent of 3300? Practice Exercise 
165 = p - 3300 Translating to a percent 9. 12 is what percent of 288? 
equation 
165 ee : 
3300 > ? Dividing by 3300 on both sides 
0.05 = p 
5% = p 


Thus, 165 is 5% of 3300. 


Objective 4.5b Solve basic percent problems. 


Example 18% of what is 1296? Practice Exercise 
(18 7 1296 ‘ iat ‘ A 10. 3% of what is 3002 
io” bt ranslating to a proportion 

18- b = 100 - 1296 Equating cross products 
b = 7200 Dividing by 18 on both sides 


Thus, 18% of 7200 is 1296. 


Objective 4.6b Solve applied problems involving percent of increase or percent of decrease. 


Example The total cost for 16 basic grocery items in the Practice Exercise 

second quarter of 2008 averaged $46.67 nationally. The 11. In Indiana, the cost for 16 basic grocery items 
total cost of these 16 items in the second quarter of 2007 increased from $40.07 in the second quarter of 
averaged $42.95. What was the percent of increase? 2007 to $46.20 in the second quarter of 2008. What 
Source: American Farm Bureau Federation was the percent of increase from 2007 to 2008? 
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y 
Objective 4.6b (continued) 


We first determine the amount of increase: $46.67 — 
$42.95 = $3.72. Then we translate to a percent equation 
or a proportion and solve. 


Rewording: $3.72 is what percent of $42.95? 
Percent Equation: Proportion: 


N 3.72 


3.72 = Pp: 42.95 100 = 42.95 
3.72  p: 42.95 


= 42.95N = 100 - 3.72 
42.95 42.95 


ae 42.95N _ 100 - 3.72 
42.95 ? 42.95 42.95 
372 
0.087 = oe 
eae 42.95 
8.7% = p Nx 87 


The percent of increase was 8.7%. 


Objective 4.7a Solve applied problems involving sales tax and percent. 


Example The sales tax is $34.23 on the purchase of a flat- Practice Exercise 
screen high-definition television that costs $489. What is 


ecient ie 12. The sales tax is $1102.20 on the purchase of a new car 
e sales tax rate? 


that costs $18,370. What is the sales tax rate? 
Rephrase: Sales tax is what percent of purchase 
price? 
Translate: 34.23 = r X 489 
34.23 rx 489 


Solve: ore = 489 
34.23 
—— 
489 
0.07 =r 
7% =1T 


The sales tax rate is 7%. 


Objective 4.7b Solve applied problems involving commission and percent. 


Example A real estate agent's commission rate is 63%. Practice Exercise 
She received a commission of $17,160 on the sale of a 13. A real estate agent's commission rate is 7%. He 
home. For how much did the home sell? received a commission of $12,950 on the sale ofa 
Rephrase: Commission is 63% of what selling price? home. For how much did the home sell? 
Translate: 17,160 = 65% x § 
Solve: 17,160 = 0.065 x S 
17,160 0.065 x S 
0.065 0.065 
264,000 = S 


The home sold for $264,000. 
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Objective 4.8a Solve applied problems involving simple interest. 


Example ‘To meet its payroll, a business borrows $5200 at Practice Exercise 
4% for 90 days. Find the amount of simple interest that is 14. A student borrows $2500 for tuition at 53% for 60 days. 
due and the total amount that must be paid after 90 days. Find the amount of simple interest that is due and the 
9 ; 
I= P-r-t= $5200 x 41% x 90° total amount that must be paid after 60 days. 
365 
90 
= $5200 X 0.0425 x —— 
$ 365 
~ $54.49 


The interest due for 90 days = $54.49. 
The total amount due = $5200 + $54.49 = $5254.49. 


Objective 4.8b Solve applied problems involving compound interest. 


Example Find the amount in an account if $3200 is Practice Exercise 
invested at 5%, compounded semiannually, for 13 years. 15. Find the amount in an account if $6000 is invested at 
r\nt 4?%, compounded quarterly, for 2 years. 
A=P. ( 1+ “) 
n 
0.05 \2"2 


= $3200(1.025)3 
= $3446.05 
The amount in the account after 1} years is $3446.05. 


Review Exercises 


Write fraction notation for each ratio. Do not simplify. [4.1a] Find the ratio of the first number to the second number 
1. 47 to 84 2. 46 to 1.27 and simplify. [4.1a] 
6. 9to 12 7. 3.6 to 6.4 
3. 83 to 100 4. 0.72 to 197 


8. Gas Mileage. The Chrysler PT Cruiser will travel 
377 mi on 14.5 gal of gasoline in highway driving. What 
is the rate in miles per gallon? [4.1b] 

a) Write fraction notation for the ratio of tuna sold to Source: Chrysler Motor Corporation 
salmon sold. 

b) Write fraction notation for the ratio of salmon sold to 
the total number of pounds of both kinds of fish sold. 


5. At Preston Seafood Market, 12,480 lb of tuna and 16,640 lb 
of salmon were sold one year. [4.1a] 


9. Flywheel Revolutions. A certain flywheel makes 
472,500 revolutions in 75 min. What is the rate of spin in 
revolutions per minute? [4.1b] 


10. A lawn requires 319 gal of water for every 500 ft”. What is 
the rate in gallons per square foot? [4.1b] 


Determine whether the two pairs of numbers are 
proportional. [4.1c] 


11. 9,15 and 36, 60 12. 24,37 and 40, 46.25 
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Solve. [4.1d] 
8 x 6 48 
“a oe 14, — = — 
1S 9 36 x 56 
120 7 4.5 0.9 
15. —— = — = 
5 5 1G: = 5, 
Solve. [4.le] 


17. Quality Control. A factory manufacturing computer 
circuits found 3 defective circuits in a lot of 65 circuits. 
At this rate, how many defective circuits can be ex- 
pected in a lot of 585 circuits? 


18. Exchanging Money. On 16 September 2008, 1 U.S. 
dollar was worth about 1.068 Canadian dollars. 


a) How much would 250 U.S. dollars be worth in 
Canada? 

b) While traveling in Canada, Jamal saw a sweatshirt 
that cost 50 Canadian dollars. How much would it 
cost in U.S. dollars? 


19. A train travels 448 mi in 7 hr. At this rate, how far will it 
travel in 13 hr? 


20. Fifteen acres of land is required to produce 54 bushels 
of tomatoes. At this rate, how many acres are required 
to produce 97.2 bushels of tomatoes? 


21. Trash Production. A study shows that 5 people 
generate 23 lb of trash each day. The population of 
Austin, Texas, is 743,074. How many pounds of trash 
are produced in Austin in one day? 


Sources: U.S. Environmental Protection Agency; U.S. Census Bureau 


22. Snow to Water. Under typical conditions, 1} ft of 
snow will melt to 2 in. of water. To how many inches 
of water will 45 ft of snow melt? 


23. Lawyers in Chicago. In Illinois, there are about 
4.8 lawyers for every 1000 people. The population of 
Chicago is 2,842,518. How many lawyers would you 
expect there to be in Chicago? 
Sources: American Bar Association; U.S. Census Bureau 


Find decimal notation for the percent notations in each 

sentence. [4.2b] 

24. In the 2006-2007 school year, about 4% of the 15 million 
college students in the United States were foreign 
students. Approximately 14.4% of the foreign students 
were from India. 

Source: Institute of International Education 


25. Poland is 62.1% urban; Sweden is 84.2% urban. 
Source: The World Almanac, 2008 


Find percent notation. [4.2b] 
26. 1.7 27. 0.065 


Find percent notation. [4.3a] 


3 
28. — 29. 
8 
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Find fraction notation. [4.3b] 


30. 24% 31. 6.3% 


Translate to a percent equation. Then solve. [4.4a, b] 
32. 30.6 is what percent of 90? 


33. 63 is 84% of what? 


34. What is 383% of 168? 


Translate to a proportion. Then solve. [4.5a, b] 
35. 24 percent of what is 16.8? 


36. 42 is what percent of 30? 


37. What is 10.5% of 842 


Solve. [4.6a, b] 


38. Favorite Ice Creams. According to a survey, 8.9% of 
those interviewed chose chocolate as their favorite ice 
cream flavor and 4.2% chose butter pecan. At this rate, 
of the 2000 students in a freshman class, how many 
would choose chocolate as their favorite ice cream? 
butter pecan? 

Source: International Ice Cream Association 


39. Prescriptions. Of the 305 million people in the United 
States, 140.3 million take at least one type of prescrip- 
tion drug per day. What percent take at least one type 
of prescription drug per day? 


Source: William N. Kelly, Pharmacy: What It ls and How It Works, 2nd ed., 
CRC Press Pharmaceutical Education, 2006 


40. Water Output. The average person expels 200 mL of 
water per day by sweating. This is 8% of the total 
output of water from the body. How much is the total 
output of water? 


Source: Elaine N. Marieb, Essentials of Human Anatomy and Physiology, 
6th ed. Boston: Addison Wesley Longman, Inc., 2000 


41. Test Scores. After Sheila got a 75 on a math test, she 
was allowed to go to the math lab and take a retest. She 
increased her score to 84. What was the percent of 
increase? 


42. Test Scores. James got an 80 on a math test. By taking 
a retest in the math lab, he increased his score by 15%. 
What was his new score? 


Solve. [4.7a, b, c] 


43. A state charges a meals tax of 73%. What is the meals 
tax charged on a dinner party costing $320? 


44. In acertain state, a sales tax of $453.60 is collected on 
the purchase of a used car for $7560. What is the sales 
tax rate? 


45. Kim earns $753.50 selling $6850 worth of televisions. 
What is the commission rate? 


46. An air conditioner has a marked price of $350. It is 
placed on sale at 12% off. What are the discount and 
the sale price? 


47. The price of a fax machine is marked down from $305 
to $262.30. What is the rate of discount? 


48. An insurance salesperson receives a 7% commission. If 
$42,000 worth of life insurance is sold, what is the 
commission? 


49. What is the rate of discount of this stepladder? 


SPECIAL 
WALUE! 


$6] 
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a 


Solve. [4.8a, b, c] 
50. What is the simple interest on $1800 at 6% for 7 year? 


51. The Dress Shack borrows $24,000 at 10% simple inter- 
est for 60 days. Find (a) the amount of interest due and 
(b) the total amount that must be paid after 60 days. 


52. The Armstrongs invest $7500 in an investment account 
paying an annual interest rate of 4%, compounded 
monthly. How much is in the account after 3 months? 


53. Find the amount in an investment account if $8000 
is invested at 9%, compounded annually, for 2 years. 


54. Credit Cards. At the end of her junior year of college, 
Kasha has a balance of $6428.74 on a credit card with 
an annual percentage rate (APR) of 18.7%. She decides 
not to make additional purchases with this card until 
she has paid off the balance. 


a) Many credit cards require a minimum payment of 
2% of the balance. At this rate, what is Kasha’s mini- 
mum payment on a balance of $6428.74? Round the 
answer to the nearest dollar. 

b) Find the amount of interest and the amount applied 
to reduce the principal in the minimum payment 
found in part (a). 


c) If Kasha had transferred her balance to a card with 
an APR of 13.2%, how much of her payment would 
be interest and how much would be applied to 
reduce the principal? 

d) Compare the amounts for 13.2% from part (c) with 
the amounts for 18.7% from part (b). 


55. If3 dozen eggs cost $5.04, how much will 5 dozen 


eggs cost? [4.le] 
A. $6.72 B. $6.96 
C. $8.40 D. $10.08 


56. Find the amount in a money market account if $10,500 
is invested at 6%, compounded semiannually, for 
1}years. [4.8b] 


A. $11,139.45 B. $12,505.67 
C. $11,473.63 D. $10,976.03 
Synthesis 


57. A worker receives raises of 3%, 6%, and then 9%. By 
what percent has the original salary increased? [4.6a] 


58. Shine-and-Glo Painters uses 2 gal of finishing paint for 
every 3 gal of primer. Each gallon of finishing paint 
covers 450 ft”. If a surface of 4950 ft? needs both primer 
and finishing paint, how many gallons of each should 
be purchased? [4.1e] 


Understanding Through Discussion and Writing 


1. Which is the better deal for a consumer and why: 
a discount of 40% or a discount of 20% followed by 
another of 22%? = [4.7c] 


2. If you were a college president, which would you prefer: 
a low or high faculty-to-student ratio? Why? [4.1a] 


3. Ollie buys a microwave oven during a 10%-off sale. The 
sale price that Ollie paid was $162. To find the original 
price, Ollie calculates 10% of $162 and adds that to 
$162. Is this correct? Why or why not? = [4.7c] 


4. Which is better for a wage earner, and why: a 10% raise 
followed by a 5% raise a year later, or a 5% raise followed 
by a 10% raise a year later? [4.6a] 


5. You take 40% of 50% of a number. What percent of the 
number could you take to obtain the same result making 
only one multiplication? Explain your answer. [4.6a] 


6. A firm must choose between borrowing $5000 at 10% for 
30 days and borrowing $10,000 at 8% for 60 days. Give 
arguments in favor of and against each option. [4.8a] 


4 
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CHAPTER 


For Extra Help 
Mies Brep 


A Test 


Write fraction notation for each ratio. Do not simplify. 
1. 85 to 97 


Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
on DVD, in Mymathiab|) and on You(iiy) (search “BittingerDevMath” and click on “Channels”). 


2. 0.34 to 124 


Find the ratio of the first number to the second number and simplify. 


3. 18 to 20 


5. Ham Servings. A 12-lb shankless ham contains 
16 servings. What is the rate in servings per pound? 


Determine whether the two pairs of numbers are proportional. 
7. 7,8 and 63, 72 


Solve. 
68 _ 17 
y 25 
Solve. 


11. Map Scaling. Onamap, 3 in. represents 225 mi. If two 
cities are 7 in. apart on the map, how far are they apart 
in reality? 


| Lubbock T E >< ZN Ss 
Ft. Worth 


Waco 
© Imperial 


Austin 


San Antonio @ 


Oo) 


BIG BEND 
NAT'L PARK 


13. Thanksgiving Dinner. A traditional turkey dinner for 
8 people cost about $33.81 in a recent year. How much 
would it cost to serve a turkey dinner for 14 people? 
Source: American Farm Bureau Federation 
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4. 0.75 to 0.96 


6. Gas Mileage. The 2008 Chevrolet Malibu LTZ will travel 
464 mi on 14.5 gal of gasoline in highway driving. What 
is the rate in miles per gallon? 

Source: General Motors Corporation 


Sesh oAwands 5:16.52 


12. Exchanging Money. On 18 September 2008, 1 U.S. dollar 
was worth about 7.781 Hong Kong dollars. 


a) How much would 450 U.S. dollars be worth in Hong 
Kong dollars? 

b) While traveling in Hong Kong, Mitchell saw a DVD 
player that cost 795 Hong Kong dollars. How much 
would it cost in U.S. dollars? 


14. Time Loss. Awatch loses 2 min in 10 hr. At this rate, 
how much will it lose in 24 hr? 
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15. 


17. 


19. 


Land-Line Phone Service. About 14.7% of U.S. house- 
holds were projected to cut land-line phone service in 
2009. Find decimal notation for 14.7%. 

Source: Yankee Group 2006, USA TODAY, January 15, 2007 


; : 11 
Find percent notation for Fi 


Translate to a percent equation. Then solve. 
What is 40% of 552 


Solve. 


21. 


23. 


25. 


ilo 


29. 


Organ Transplants. n 2006, there were 28,291 organ 
transplants in the United States. The pie chart below 
shows the percentages for the main transplants. How 
many kidney transplants were there in 2006? liver 
transplants? heart transplants? 


Organ Transplants in 
the United States, 2006 


Kidney 
59% 


—_s= Other 
3% 
Kidney-pancreas 
Lung 3% 
5% 
Liver Heart 
22% 8% 


SOURCE: 2007 OPTN/SRTR Annual Report, Table 1.7; 
United Network for Organ Sharing 


Foreign Adoptions. The number of foreign children 
adopted by Americans declined from 20,679 in 2006 to 
19,292 in 2007. Find the percent of decrease. 

Source: U.S. State Department, USA TODAY, August 13, 2008 


Oklahoma Sales Tax. The sales tax rate in Oklahoma is 
4.5%. How much tax is charged on a purchase of $5602 
What is the total price? 


The marked price of a DVD player is $200 and the item is 
on sale at 20% off. What are the discount and the sale 
price? 


A city orchestra invests $5200 at 6% simple interest. How 
much is in the account after 5 year? 


16. 


18. 


20. 


22. Batting Average. 


24. 


26. 


28. 


30. 


Gravity. The gravity of Mars is 0.38 as strong as Earth's. 
Find percent notation for 0.38. 
Source: www.marsinstitute.info/epo/mermarsfacts.html| 


Find fraction notation for 65%. 


Translate to a proportion. Then solve. 
What percent of 80 is 652 


Garrett Atkins, third baseman for the 
Colorado Rockies, got 175 hits during the 2008 baseball 
season. This was about 28.64% of his at-bats. How many 
at-bats did he have? 


Source: Major League Baseball 


There are about 6,603,000,000 people living in the world 
today, and approximately 4,002,000,000 live in Asia. 
What percent of people live in Asia? 


Source: Population Division/International Programs Center, U.S. Census 
Bureau, U.S. Dept. of Commerce 


Noah’s commission rate is 15%. What is the commission 
from the sale of $4200 worth of merchandise? 


What is the simple interest on a principal of $120 at the 
interest rate of 7.1% for 1 year? 


Find the amount in an account if $1000 is invested at 
52% compounded annually, for 2 years. 
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31. Job Opportunities. 
filling in the missing numbers. 


TOTAL 
EMPLOYMENT 

OCCUPATION IN 2006 
Dental assistant 280,000 
Plumber 705,000 
Veterinary assistant 71,000 
Motorcycle repair 
technician 

L Fitness professional 


The table below lists job opportunities in 2006 and projected increases for 2016. Complete the table by 


PROJECTED 
EMPLOYMENT PERCENT OF 
IN 2016 CHANGE INCREASE 
362,000 82,000 29.3% 
52,000 
100,000 
24,000 3000 
298,000 26.8% 


SOURCE: EarnMyDegree.com 


32. The Suarez family invests $10,000 at an annual interest rate of 4.9%, compounded monthly. How much is in the account 


after 3 years? 


33. Find the discount and the discount rate of the television 
in this ad. 


19" LCD HDTV 
$9999 
was °349% 
35. 0.75% of what number is 300? 
A. 2.25 B. 40,000 C. 400 D225 
Synthesis 


37. By selling a home without using a realtor, Juan and Marie 
can avoid paying a 7.5% commission. They receive an 
offer of $180,000 from a potential buyer. In order to give 
a comparable offer, for what price would a realtor need 
to sell the house? Round to the nearest hundred. 
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34. 


36. 


38. 


Credit Cards. Jayden has a balance of $2704.27 ona 
credit card with an annual percentage rate of 16.3%. The 
minimum payment required on the current statement is 
$54. Find the amount of interest and the amount applied 
to reduce the principal in this payment and the balance 
after this payment. 


Lucita walks 43 mi in 13 hr. What is her rate in miles per 
hour? 


A. }mph 
C. 3mph 


B. 1; mph 
D. 45 mph 


Karen’s commission rate is 16%. She invests her commis- 
sion from the sale of $15,000 worth of merchandise at an 
interest rate of 12%, compounded quarterly. How much 
is Karen’s investment worth after 6 months? 


Copyright © 2012 Pearson Education, Inc. 


Data, Graphs, 


and Statistics 


5.1 Averages, Medians, 
and Modes 


5.2 Tables and Pictographs 
MID-CHAPTER REVIEW 

5.3 Bar Graphs and Line Graphs 
5.4 Circle Graphs 


TRANSLATING FOR SUCCESS 
SUMMARY AND REVIEW ; 
TEST 


Real-World Application 


A gardener planted six varieties of bearded iris in a new garden on campus. Students 
from the horticulture department were assigned to record data on the range of 
heights for each variety. The vertical bar graph on p. 369 shows the results of their 
study. The length of the light green shaded portion and the blossom of each bar 
illustrates the range of heights. What is the range of heights for the border bearded iris? 


Source: www.irises.org/classification.htm 


This problem appears as Exercise 5 in Exercise Set 5.3. 
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3.1 


@ Find the average of a set of 
numbers and solve applied 
problems involving averages. 


Db Find the median of a set of 
numbers and solve applied 
problems involving medians. 


C Find the mode of a set of 
numbers and solve applied 
problems involving modes. 


d Compare two sets of data 


usin 


g their means. 


SKILL TO REVIEW 
Objectives 1.6c and 3.4c: Simplify 
expressions using the rules for 


order of o 


perations. 


1. Find the average of 282, 137, 
5280, and 193. 


2. Find the average of $23.40, 
$89.15, and $148.17 to the 
nearest cent. 


Table 
NUMBER OF PRESCRIPTIONS 
FILLED IN SUPERMARKETS 
(in millions) 
997 269 
1999 357 
2001 418 
2003 462 
2005 465 
2007 478 
SOURCE: IMS HEALTH and NACDS Economics Department 


Answers 


Skill to Review: 
1. 1473.2. $86.91 


Averages, Medians, and Modes 


In real-world applications, we can use tables and graphs of various kinds to 
show information about data and to extract information from data that can 
lead us to make analyses and predictions. Graphs allow us to communicate a 
message from the data. 

For example, the following two pages show data regarding the number of 
prescriptions filled in supermarkets in recent years. Examine each method of 
presentation. Which method, if any, do you like the best and why? 


Paragraph 

IMS HEALTH and the NACDS Economics Department have released data re- 
garding the number of prescriptions filled in supermarkets for various years. 
In 1997, 269 million prescriptions were filled; in 1999, 357 million were filled; 
in 2001, 418 million were filled; in 2003, 462 million were filled; in 2005, 465 
million were filled; and finally, in 2007, 478 million were filled. 


Pictograph 


Number of Prescriptions Filled in Supermarkets 


SOURCE: IMS HEALTH and NACDS Economics Department 
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Bar Graph Line Graph 


in supermarkets (in millions) 
in supermarkets (in millions) 


Number of prescriptions filled 
Number of prescriptions filled 


: 1997 1999 2001 2003 2005 2007 199i 
Year 


1999 
SOURCE: IMS HEALTH and NACDS Economics Department 


Most people would not find the paragraph method for displaying the data 
most useful. It takes time to read the paragraph, and it is hard to look for a 
trend. The bar graph and the line graph are more helpful if we want to see the 
overall trend of the number of prescriptions filled and to make a prediction 
about years to come. The exact data values are most easily read in a table. 

In this chapter, you will learn not only how to extract information from vari- 
ous kinds of tables and graphs, but also how to create bar, line, and circle graphs. 


(a) Averages 


A statistic is a number describing a set of data. One statistic is a center point, or 
measure of central tendency, that characterizes the data. The most common kind 
of center point is the mean, or average, of a set of numbers. We first considered 
averages in Section 1.6 and extended the coverage in Sections 2.6 and 3.4. 

Let’s consider the number of the prescriptions, in millions, filled in su- 
permarkets in the years 1997, 1999, 2001, 2003, 2005, and 2007: 


269, 357, 418, 462, 465, 478. 

What is the average of this set of numbers? First, we add the numbers: 
269 + 357 + 418 + 462 + 465 + 478 = 2449. 

Next, we divide by the number of data items, 6: 


2449 
~e ~ 408. Rounding to the nearest one 


Note that if the number of prescriptions had been the average (same) for each 
of the 6 yr, we would have 


408 + 408 + 408 + 408 + 408 + 408 = 2448 = 2449. 


The number 408 is called the average of the set of numbers. It is also called 
the arithmetic (pronounced ar‘ith-mét’-ik) mean or simply the mean. 


To find the average of a set of numbers, add the numbers and then 
divide by the number of items of data. 


5.1 


SOURCE: IMS HEALTH and NACDS Economics Department 
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Find the average. 
1. 14, 175, 36 


7 1S); SOS, Goch W2.Ih 


3. A student earned the following 
scores on five tests: 68, 85, 82, 
74, 96. What was the average 
score? 


4. In the first five games of the 
season, a basketball player 
scored points as follows: 26, 21, 
13, 14, 23. Find the average num- 
ber of points scored per game. 


5. Home-Run Batting Average. 
Babe Ruth hit 714 home runs in 
22 seasons played in the major 
leagues. What was his average 
number of home runs per 
season? Round to the nearest 
tenth. 

Source: Major League Baseball 


Answers 


1.675 2.549 3.81 4. 19.4 
5. 32.5 home runs per season 


' EXAMPLE1 Ona4-daytrip, a car was driven the following number of miles: 
240, 302, 280, 320. What was the average number of miles per day? 


240 + 302 + 280 + 320 1142 
4 


, Or 285.5 


The car was driven an average of 285.5 mi per day. Had the car been driven 
exactly 285.5 mi each day, the same total distance (1142 mi) would have been 
traveled. ) 


Do Exercises 1-4. 


| EXAMPLE 2 Scoring 
Average. Michael Jordan is the 
third highest scorer in the history of 
the National Basketball Association. 
He scored 32,292 points in 1072 
games. What was the average 
number of points scored per game? 
Round to the nearest tenth. 
Source: National Basketball Association 

We know the total number of 

points, 32,292, and the number of 
games, 1072. We divide and round 
to the nearest tenth: 


32,292 
1072 


= 30.123134... ~ 30.1. 


Michael Jordan's average was about 
30.1 points per game. 


Do Exercise 5. | 


| EXAMPLE 3 Gas Mileage. The 2009 Volkswagen Jetta TDI, shown here, 
is estimated to travel 522 mi in the city on 18 gal of diesel fuel. What is the ex- 
pected average number of miles per gallon (mpg)—that is, what is its fuel 
mileage for city driving? 
Source: Car and Driver, January 2009 
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We divide the total number of miles, 522, by the total number of gallons, 18: 
6. Gas Mileage. The 2009 Ford 
Sc re Flex SUV Crossover gets 384 mi 
18 gal Pe: of highway driving on 16 gal of 
gasoline. What is the average 
number of miles per gallon— 
: that is, what is its gas mileage 
for highway driving? 


Do Exercise 6. Source: Motor Trend, November 2008 


EXAMPLE 4 Grade Point Average. In most colleges, students are as- 
signed grade point values for grades obtained. The grade point average, or 
GPA, is the average of the grade point values for each credit hour taken. At 
most colleges, grade point values are assigned as follows: 


A: 4.0 B: 3.0 C: 2.0 D: 1.0 F: 0.0 


The Volkswagen Jetta’s expected average is 29 mi per gallon for city driving. 


Meg earned the following grades for one semester. What was her grade point 


average? 
NUMBER OF CREDIT 
GRADE HOURS IN COURSE 


Colonial History B 3 
Basic Mathematics A 4 
English Literature A 3 
French G 4 
Time Management D i 
4 


To find the GPA, we first multiply the grade point value (in color below) 
by the number of credit hours in the course to determine the number of 
quality points, and then add, as follows: 


Colonial History 3.0:3= 9 7. Grade Point Average. Alex 
Basic Mathematics: 40 -4= 16 earned the following grades one 
. semester. 
English Literature 4.0-3 = 12 
French 2.0:4= 8 NUMBER OF CREDIT 
Time Management 1.0-1= 1 Hee Ee NE OUSEE 
46 (Total) B 8 
The total number of credit hours taken is3 + 4 + 3 + 4 + 1, or 15. We divide c i 
the number of quality points, 46, by the number of credit hours, 15, and C . 
round to the nearest tenth: A 2 
GPA = 5 3.1. What was Alex’s grade point 
average? Assume that the grade 
Meg’s grade point average was 3.1. } point values are 4.0 for an A, 3.0 


for a B, and so on. Round to the 


| Do Exercise 7. nearest tenth. 


Answers 
6. 24mpg 7. 2.5 
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8. Grading. To get an Ain math, 
Rosa must score an average of 90 
on four tests. On the first three 
tests, her scores were 80, 100, 
and 86. What is the lowest score 
that Rosa can get on the last test 
and still get an A? 


Find the median. 
Gh il, ish, iis}, 4s is) 


10. 20, 14, 13, 19, 16, 18, 17 


Ill We}, till, GS, Gl, 10s}, OZ, 22, 
119, 88 


Answers 
8.94 9.17 10.17 11.91 


EXAMPLE 5 Grading. To getaB in math, Geraldo must score an average 
of 80 on five tests. On the first four tests, his scores were 79, 88, 64, and 78. 
What is the lowest score that Geraldo can get on the last test and still get a B? 


We can find the total of the five scores needed as follows: 


80 + 80 + 80 + 80 + 80=5- 80, or 400. 


The total of the scores on the first four tests is 


79 + 88 + 64 + 78 = 309. 
Thus Geraldo needs to get at least 
400 — 309, or 91 
in order to get a B. We can check this as follows: 


79 + 88+ 64+ 78+91 400 
5 = Oe Dh 


Do Exercise 8. 


b Medians 


Another type of center-point statistic is the median. Medians are useful when 
we wish to de-emphasize unusually extreme numbers. For example, suppose 
a small class scored as follows on an exam. 


Phil: 78 Pat: 56 
Jill: 81 Olga: 84 
Matt: 82 


Let’s first list the scores in order from smallest to largest: 


56, 78, 81, 82, 84. 


, 


Middle score 
The middle score—in this case, 81—is called the median. Note that because 
of the extremely low score of 56, the average of the scores is 76.2. In this ex- 
ample, the median may be a more appropriate center-point statistic. 
EXAMPLE 6 What is the median of this set of numbers? 
99, 870, 91, 98, 106, 90, 98 


We first rearrange the numbers in order from smallest to largest. Then we 
locate the middle number, 98. 


90, 91, 98, 98, 99, 106, 870 


Middle number 


The median is 98. 


Do Exercises 9-11. 
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Once a set of data is listed in order, from smallest to largest, the median 
is the middle number if there is an odd number of data items. If there is 
an even number of items, the median is the number that is the average 
of the two middle numbers. 


EXAMPLE 7 What is the median of this set of numbers? 
69, 80, 61, 63, 62, 65 


We first rearrange the numbers in order from smallest to largest. There is 
an even number of numbers. We look for the middle two, which are 63 and 65. 
The median is halfway between 63 and 65, the number 64. 


61, 62, 63, 65, 69, 80 The average of the middle numbers is 


63+ 65 _ 128 | 4 
2 eee 


The median is 64. 
EXAMPLE 8 Salaries. The following are the salaries of the top four em- 
ployees of Verducci’s Dress Company. What is the median of the salaries? 
$85,000, $100,000, $78,000, $84,000 


We rearrange the numbers in order from smallest to largest. The two mid- 
dle numbers are $84,000 and $85,000. Thus the median is halfway between 
$84,000 and $85,000 (the average of $84,000 and $85,000): 


$78,000, $84,000, $85,000, $100,000 
— 


$84,000 + $85,000 $169,000 
2 2 


Median = = $84,500. 


REGISTERING FOR 
FUTURE COURSES 


As you sign up for next semester’s 
courses, evaluate your work and 
family commitments. Talk with in- 
structors and other students to es- 
timate how demanding the course 
is before registering. It is better to 
take one fewer course than one 
too many. 


Find the median. 
12. Salaries of Part-Time Typists. 


$3300, $4000, $3900, $3600, 
$3800, $3400 


| Do Exercises 12 and 13. 13. 68, 34, 67, 69, 34, 70 


‘c) Modes 


The final type of center-point statistic is the mode. 


The mode of a set of data is the number or numbers that occur 
most often. If each number occurs the same number of times, there 
is no mode. 


EXAMPLE 9 Find the mode of these data. 
13, 14, 17, 17, 18, 19 


The number that occurs most often is 17. Thus the mode is 17. 


Answers 
12. $3700 13. 67.5 
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Find the modes of these data. 
4k, 2s), 4G, ANS, AIS, 74g) 


15. 34, 34, 67, 67, 68, 70 
16. 13, 24, 27, 28, 67, 89 


17. Ina lab, Gina determined the 
mass, in grams, of each of five 
eggs: 

15g, 19g, 19g, 14g, 18g. 
a) What is the mean? 
b) What is the median? 
c) What is the mode? 


Answers 


14. 45 15. 34, 67 16. No mode exists. 
17. (a) 17 g; (b) 18 g; (c) 19g 


A set of data has just one average (mean) and just one median, but it can 
have more than one mode. It is also possible for a set of data to have no 
mode—when all numbers are equally represented. For example, the set of 
data 5, 7, 11, 13, 19 has no mode. 


EXAMPLE 10 Find the modes of these data. 
33, 34, 34, 34, 35, 36, 37, 37, 37, 38, 39, 40 


There are two numbers that occur most often, 34 and 37. Thus the modes 
are 34 and 37. ) 


Do Exercises 14-17. 


Which statistic is best for a particular situation? If someone is bowling, 
the average from several games is a good indicator of that person’s ability. If 
someone is applying for a job, the median salary at that business is often 
most indicative of what people are earning there because although executives 
tend to make a lot more money, there are fewer of them. Finally, if someone is 
reordering for a clothing store, the mode of the sizes sold is probably the most 
important statistic. 


(d) Comparing Two Sets of Data 


We have seen how to calculate averages, medians, and modes from data. A 
way to analyze two sets of data is to make a determination about which of two 
groups is “better.” One way to do so is by comparing the averages. 


EXAMPLE 11 Growth of Wheat. 

A university agriculture department 
experiments to see which of two 
kinds of wheat is better. (In this situ- 
ation, the shorter wheat is considered 
“better.”) The researchers grow both 
kinds under similar conditions and 
measure stalk heights, in inches, as 
follows. Which kind is better? 


WHEAT A 
STALK HEIGHTS 


WHEAT B 
STALK HEIGHTS 
(in inches) 


(in inches) 


G2 402.3} IG) 8) 25,7 
25.6 18.0 15.6 41.7 
22.6 26.4 18.4 12.6 
41.5 13.7 42.0 21.6 
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Note that it is difficult to analyze the data at a glance because the num- 
bers are close together. We need a way to compare the two groups. Let’s com- 
pute the average of each set of data. 


Wheat A: Average 
16.2 + 25.6 + 22.6 + 41.5 + 42.3 + 18.0 + 26.4 + 13.7 + 


19.5 + 15.6 + 18.4 + 42.0 + 25.7 + 41.7 + 12.6 + 21.6 
16 
& 25.21 in. 
Wheat B: Average 
19.7 + 19.7 + 14.0 + 22.6 + 18.4 + 14.6 + 21.6 + 10.9 4 

19.7 + 32.0 + 42.5 + 26.7 + 17.2 + 25.7 + 32.6 + 22.8 

7 16 

& 22.54 in. 


We see that the average stalk height of wheat B is less than that of wheat A. 
Thus wheat B is “better.” b 


| Do Exercise 18. 


For Extra Help 
MyMathLab 


Exercise Set 


Mathexy> [De G 


PRACTICE 


18. BatteryTesting. ‘Two kinds of 
battery were tested to see how 
long, in hours, they kept an emer- 
gency light running. On the basis 
of this test, which battery is better? 


BATTERY A 


(in hours) 


26.6 
27.6 
28.1 


PASS) 72ifall 
28.0 26.8 
oye AX) 


27.6 
27.4 
23 


BATTERY B 


(in hours) 


28.5 
oll 
28.3 


27.6 28.6 
Bie) Be) 
Dies) 2X0 


27.5 
27.8 
27.6 


Answers 


18. Battery A: average hours ~ 27.49; battery B: 
average hours ~ 27.92; battery B is better 


WATCH DOWNLOAD 


READ REVIEW. 


(a), (b), Ce) foreach set ofnumbers, find th he median, and des that exist 
Ney Lad 3 Cc) or eacn set of numbers, fin t e average, t e median, an any mo es that exist. 


1. Atlantic Storms and Hurricanes. The following bar 
graph shows the number of Atlantic storms and 
hurricanes that formed in various months from 1980 to 
2007. What is the average number for the 9 months 
given? the median? the mode? 


2. Tornadoes. 


The following bar graph shows the average 


number of tornado deaths by month since 1950. What is 
the average number of tornado deaths for the 12 months? 
the median? the mode? 


Average Number of Deaths by Tornado by Month 


Atlantic Storms and Hurricanes 
Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 


Tropical storm and hurricane formation in 1980-2007, by month 


Month 


ss 
Tz 


Dec. 


2 
April May June July Aug. Sept. Oct. Nov. 


SOURCE: Colorado State University, Department of Atmospheric Science, 
Phil Klotzbach, Ph.D., Research Scientist 


5.1 


m2 


30 
Number of deaths 
SOURCE: National Weather Service's Storm Prediction Center 
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3. 17, 19, 29, 18, 14, 29 


6. 13, 32, 25, 27, 13 


9. 234, 228, 234, 229, 234, 278 


11. Gas Mileage. The 2009 Kia Sedona gets 253 mi of high- 


way driving on 11 gal of gasoline. What is the average 


number of miles expected per gallon—that is, what is its 


gas mileage? 
Source: Motor Trend, November 2008 


4. 72, 83, 85, 88, 92 


7. 4.3, 7.4, 1.2, 5.7, 8.3 


5.5, 37, 20, 20, 35, 5, 25 


8. 13.4, 13.4, 12.6, 42.9 


10. $29.95, $28.79, $30.95, $28.79 


12. Gas Mileage. The 2009 Chevrolet Cobalt SS gets 330 mi 


of city driving on 15 gal of gasoline. What is the average 
number of miles expected per gallon—that is, what is its 
gas mileage? 

Source: Road & Track, November 2008 


Grade Point Average. The tables in Exercises 13 and 14 show the grades of a student for one semester. In each case, find the 
grade point average. Assume that the grade point values are 4.0 for an A, 3.0 for a B, and so on. Round to the nearest tenth. 


13. 


NUMBER OF 
CREDIT HOURS 


IN COURSE 


NUMBER OF 
CREDIT HOURS 


IN COURSE 


QUP 
BO OR 
esl tes) (@) = 
aw pa 


16. Cheddar Cheese Prices. The following prices per 
pound of sharp cheddar cheese were found at five 
supermarkets: 


$5.99, $6.79, $5.99, $6.99, $6.79. 


15. Brussels Sprouts. The following prices per stalk of 
Brussels sprouts were found at five supermarkets: 


$3.99, $4.49, $4.99, $3.99, $3.49. 
What was the average price per stalk? the median price? 


the mode? What was the average price per pound? the median 
price? the mode? 
17. Grading. To get aB in math, Rich must score an aver- 18. Grading. To get an Ain math, Cybil must score an 


average of 90 on five tests. Her scores on the first four 
tests were 90, 91, 81, and 92. What is the lowest score that 
Cybil can get on the last test and still receive an A? 


age of 80 on five tests. His scores on the first four tests 
were 80, 74, 81, and 75. What is the lowest score that 
Rich can get on the last test and still receive a B? 
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19. Length of Pregnancy. Marta was pregnant 270 days, 
259 days, and 272 days for her first three pregnancies. 
In order for Marta’s average pregnancy to equal the 
worldwide average of 266 days, how long must her 
fourth pregnancy last? 
Source: Vardaan Hospital, Dr. Rekha Khandelwal, M.S. 


dd) solve. 


21. Light-Bulb Testing. An experiment was performed to 
compare the lives of two types of light bulbs. Several 
bulbs of each type were tested, and the results are listed 
in the following table. On the basis of this test, which 
bulb is better? 


BULB A: HOTLIGHT BULB B: BRIGHTBULB 


TIME (in hours) 


TIME (in hours) 


983 964 1214 979 1083 1344 
1417 1211 1521 984 1445 975 
1084 1075 892 1492 1325 1283 
1423 949 1322 1325 1352 1432 


Skill Maintenance 


Multiply. 
23, 12.86 X 17.5 [3.3a] 24, 222 X 0.5678 [3.3a] 


Convert to percent notation. [4.3a] 


27 » 28 = 
16 "16 
Synthesis 


31. The ordered set of data 18, 21, 24, a, 36, 37, bhasa 
median of 30 and an average of 32. Find a and b. 


20. Male Height. Jason's brothers are 174 cm, 180 cm, 
179 cm, and 172 cm tall. The average male is 176.5 cm 
tall. How tall is Jason if he and his brothers have an 
average height of 176.5 cm? 


22. Cola Testing. An experiment was conducted to determine 
which of two colas tastes better. Students drank the colas 
and gave each a rating from 1 to 10, with 10 indicating 
the best taste. The results are given in the following table. 
On the basis of this test, which cola tastes better? 


COLA B: COLA-COLA 


COLA A: VERYCOLA 


28 3 

25. = 55 (2.2al 26. 7-5 ([2.2al 
64 9781 
oo 55 * 10,000 


32. Hank Aaron. Hank Aaron averaged 34;5 home runs 
per year over a 22-yr career. After 21 yr, Aaron had aver- 
aged 3530 home runs per year. How many home runs 
did Aaron hit in his final year? 


33. Price Negotiations. Amy offers $3200 for a used Ford Taurus advertised at $4000. The first offer from Jim, the car’s owner, 
is to “split the difference” and sell the car for (3200 + 4000) + 2, or $3600. Amy’s second offer is to split the difference 
between Jim’s offer and her first offer. Jim’s second offer is to split the difference between Amy’s second offer and his first 
offer. If this pattern continues and Amy accepts Jim’s third (and final) offer, how much will she pay for the car? 
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SKILL TO REVIEW 
Objective 2.4d: Multiply using 
mixed numerals. 


Multiply. 


1 
1.35 xX 
35 800 


3 
2. 1— Xx 302 
mn 3020 


Use the table in Example 1 to answer 
Margin Exercises 1-5. 


1. Which country has the smallest 


amount of land area? 


2. Which country has the greatest 
population density? 


3. What is the population of Mexico? 


4. Find the average of the land 
areas of the countries listed. 


5. Find the median of the popula- 
tions of these countries. 


Answers 

Skill to Review: 

1. 2800 = 2. 5285 
Margin Exercises: 

1. Finland = 2. India 
4. About 1,460,250 sq mi 


3. 108,700,891 
5. 108,700,891 
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(a) Reading and Interpreting Tables 


A table is often used to present data in rows and columns. 


! EXAMPLE 1 Population Density. The following table lists data regarding 


11 


countries around the world. 


PERCENT OF 
POPULATION 
THAT IS URBAN 


POPULATION 


LAND AREA 
(in square miles) 


DENSITY 


COUNTRY POPULATION 


X 


(per square mile) 
Australia 6} 2,941,299 

Ped vv ne @. 4p tet 
Brazil 3,265 
Finland 


| 
France 


hay 


Germany 


India 54 
Japan 
Kenya { 
742,490 


3,537,439 


Mexico 
United States 


SOURCE: The World Almanac, 2008 


a) 
b) 
Cc) 
d) 


a) 


b) 


Cc) 


Which country has the largest population? 

Which country has the smallest population density? 

What percent of the population in Kenya is urban? 

Find the average of the population densities in the countries listed. 


Careful examination of the table will give the answers. 


To determine which country has the largest population, we look down the 
column headed “Population” and find the largest number. That number is 
1,321,851,888. Then we look across that row to find the name of the coun- 
try, China. 

To determine which country has the smallest population density, we look 
down the column headed “Population Density” and find the smallest 
number. That number is 7. Then we look across that row to find the coun- 
try, Australia. 


To determine what percent of the population in Kenya is urban, we look 
down the column headed “Country” and find the name Kenya. Then we 
look across that row to the column headed “Percent of Population That Is 
Urban” to find the percent. It is 20.7%. 
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d) We determine the average of all the numbers in the column headed 


“Population Density”: 


7 + 58 + 367 + 45 + 258 + 611 + 984 + 881 + 168 + 146 + 85 
11 


3610 
~ ag 328.2 per sq mi. ) 


| Do Margin Exercises 1-5 on the preceding page. 


| EXAMPLE 2 Frosted Flakes Nutrition Facts. Most foods are required by 
law to provide factual information regarding nutrition, as shown in the fol- 
lowing table of nutrition facts from a box of Frosted Flakes cereal. Although 
this can be very helpful to the consumer, one must be careful in interpreting 
the data. 


SOURCE: Kelloggs 


Suppose your morning bowl of cereal consists of 13 cups of Frosted 


Flakes with 1 cup of fat-free milk. 


a) 
b) 
Cc) 


d 


wm 


ha) 


a 


b) 


Cc) 


How many calories have you consumed? 

What percent of the daily value for dietary fiber have you consumed? 

A nutritionist recommends that you look for foods that provide 10% or 
more of the daily value for vitamin C. Do you get that with your bowl of 
Frosted Flakes? 


Suppose you are trying to limit your daily caloric intake to 2000 calories. 
How many bowls of cereal would it take to exceed the 2000 calories? 


Careful examination of the table of nutrition facts will give the answers. 


We look at the column marked “with } Cup Fat Free Milk” and note 
that a serving size of 3 cup of cereal with 4 cup of fat-free milk contains 
150 calories. Since you are having twice that amount, you are consuming 


2 X 150 calories, or 300calories. 


We read across from “Dietary Fiber” and note that in 3 cup of cereal with 
i cup of fat-free milk, you get 3% of the daily value of dietary fiber. Since 
you are doubling that, you get 6% of the daily value of dietary fiber. 


We find the row labeled “Vitamin C” on the left and look under the column 
labeled “with $ Cup Fat Free Milk.” Note that you get 10% of the daily value 
for 2 cup of cereal with $ cup of fat-free milk, and since you are doubling 
that, you are more than satisfying the 10% requirement. 


Use the nutrition facts data shown in 
the figure and the bowl of cereal 
described in Example 2 to answer 
Margin Exercises 6-10. 


6. How many calories from fat are 
in your bowl of cereal? 


7. Anutritionist recommends that 
you look for foods that provide 
12% or more of the daily value 
for iron. Do you get that with 
your bowl of Frosted Flakes? 


8. How much sodium have you 
consumed? (Hint: Use the data 
listed in the first footnote below 
the table of nutrition facts.) 


9. What percent of the daily value 
for sodium have you consumed? 


10. How much protein have you 
consumed? (Hint: Use the data 
listed in the first footnote below 
the table of nutrition facts.) 


Answers 


6. Ocalories 7. Yes 
10. 10g 


8. 410mg 9. 18% 
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d) From part (a), we know that you are consuming 300 calories per bowl. 
Dividing 2000 by 300 gives a ~ 6.67. Thus if you eat 7 bowls of cereal in 


this manner, you will exceed the 2000 calories. ) 


Do Exercises 6-10 on the preceding page. 
(b) Reading and Interpreting Pictographs 


Pictographs (or picture graphs) are another way to show information. Instead 
of actually listing the amounts to be considered, a pictograph uses symbols 
to represent the amounts. In addition, a key is given telling what each symbol 
represents. 


| EXAMPLE 3° Touchdown Passes. The following pictograph shows the 
career-high number of touchdown passes in a season for seven quarterbacks 
in the National Football League. Located below the graph is a key that tells 
you that each @ symbol represents 10 touchdown passes. 


Touchdown Passes (Career high for quarterback) 


SOURCE: National Football League @ = 10 touchdown passes 


a) Which quarterback has the greatest number of touchdown passes? 
b) Which quarterback has the least number of touchdown passes? 


Use the pictograph in Example 3 to 
answer Margin Exercises 11-13. 


c) How many more touchdown passes does Peyton Manning have in his 


career high than John Elway? 
11. How many more touchdown 


passes did Dan Marino have in We can compute the answers by first reading the pictograph. 
pecneae on Enel seasaylnein a) The quarterback with the most symbols has the greatest number of touch- 
; down passes: Tom Brady, with 5 (symbols) X 10, or 50, touchdown passes. 
12. How many more touchdown b) The quarterback with the fewest symbols has the least number of touch- 
passes did Joe Montana have down passes: Roger Staubach, with about 23 (symbols) Xx 10, or 25, touch- 
in his career high than Roger down passes. 
Staubach? 


c) From the graph, we see that there are about 4;4, 10, or 49, touchdown 

13. What is the average number of passes for Peyton Manning, and about 2i x 10, or 27, for John Elway. 
career-high touchdown passes Thus Peyton Manning has 49-27, or 22, more touchdown passes in his 
in a season for the seven career high than John Elway. 


quarterbacks? 
Do Exercises 11-13. 


Answers 


11. 16 touchdown passes 12. Joe Montana 
had 6 more than Roger Staubach. 13. About 
37 touchdown passes 
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READ REVIEW 


: For Extra Help 
Exercise Set MyMathiab |" © &.. 


Veggie Burgers. Veggie burgers tend to be higher in fiber and lower in calories than conventional burgers. Their weak- 
ness is high sodium content. Comparative information on veggie burgers from eight companies is listed in the following 
table. Use the data for Exercises 1-10. 


COMPANY PER PATTY (ABOUT 2.5 OZ) 


Protein 
Calories (g) 


SOURCE: Consumer Reports, June 2008 


1. How many calories are in a Franklin Farms Portabella 2. Which veggie burger contains the most protein? 
Fresh veggie burger? 
3. Which veggie burgers have less than 110 calories? 4. How many grams of fat are in a MorningStar Farms 


Garden veggie burger? 


5. What are the average, the median, and the mode of the 6. What is the average number of calories in these 8 veggie 
fiber content in these 8 veggie burgers? burgers? 

7. Which veggie burger is the most expensive? the least 8. Which veggie burger contains the most sodium? the 
expensive? least sodium? 

9. Which veggie burger contains the greatest number of 10. What is the median cost of these veggie burgers? 


grams of fat? the least number of grams of fat? 
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Heat Index. In warm weather, a person can feel hot because of reduced heat loss from the skin caused by higher humidity. The 


temperature-humidity index, or apparent temperature, is what the temperature would have to be with no humidity in order 
to give the same heat effect. The following table lists the apparent temperatures for various actual temperatures and relative 


humidities. Use this table for Exercises 11-22. 


RELATIVE HUMIDITY 
ACTUAL 


TEMPERATURE | 10% 20% 30% 40% 
(°F) 


80%, 90% 100% 


APPARENT TEMPERATURE (°F) 


In Exercises 11-14, find the apparent temperature for the given actual temperature and humidity combinations. 


11. 80°, 60% 12. 90°, 70% 


15. Which temperature-humidity combinations give an 
apparent temperature of 100°? 


17. Ata relative humidity of 50%, what actual temperatures 
give an apparent temperature above 100°? 


19. At an actual temperature of 95°, what relative humidities 
give an apparent temperature above 100°? 


21. At an actual temperature of 85°, what is the difference in 
humidities required to raise the apparent temperature 
from 94° to 108°? 


358 CHAPTER 5 __ Data, Graphs, and Statistics 


13. 85°, 90% 14. 95°, 80% 


16. Which temperature-humidity combinations give an 
apparent temperature of 111°? 


18. At a relative humidity of 90%, what actual temperatures 
give an apparent temperature above 100°? 


20. At an actual temperature of 85°, what relative humidities 
give an apparent temperature above 100°? 


22. At an actual temperature of 80°, what is the difference in 
humidities required to raise the apparent temperature 
from 87° to 102°? 
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Planets. Use the following table, which lists information about the planets, for Exercises 23-32. 


AVERAGE LENGTH OF TIME OF 

DISTANCE PLANET'S DAY REVOLUTION 

FROM SUN DIAMETER | IN EARTH TIME | IN EARTH TIME 
PLANET (in miles) (in miles) (in days) (in years) 


een | — 
SOURCE: The Handy Science Answer Book, Gale Research, Inc. 


23. Find the average distance from the sun to Jupiter. 24. How long is a day on Venus? 

25. Which planet has a time of revolution of 164.78 yr? 26. Which planet has a diameter of 4221 mi? 

27. Which planets have an average distance from the sun 28. Which planets have a diameter that is less than 
that is greater than 1,000,000 mi? 100,000 mi? 

29. About how many Earth diameters would it take to equal 30. How much longer is the longest time of revolution than 
one Jupiter diameter? the shortest? 

31. What are the average, the median, and the mode of the 32. What are the average, the median, and the mode of the 
diameters of the planets? average distances from the sun of the planets? 
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Rhino Population 
(Remaining Species) 


Rhino Population. The rhinoceros is considered one of the world’s most 
endangered animals. The worldwide total number of rhinoceroses is approx- 
imately 20,700. The following pictograph shows the population of the five 
remaining rhino species. Located in the graph is a key that tells you that each 
symbol “4 represents 300 rhinos. Use the pictograph for Exercises 33-38. 


On July 5, 2004, at the Cincinnati Zoo 
and Botanical Gardens, Emi, a critically 
endangered Sumatran rhinoceros, 
became the first rhino to produce two 
calves in captivity. 


j 
- me f 2 on 


‘Suman Rin : 
SOURCE: World Wildlife Fund, 2008 


33. Which species has the greatest number of rhinos? 


35. How many more black rhinos are there than Indian 
rhinos? 


37. What is the average number of rhinos in these five 
species? 


Skill Maintenance 


Solve. [4.6a] 


39. Kitchen Costs. The average cost of a kitchen is $26,888. 


Some of the cost percentages are as follows. 
Cabinets: 50% 
Countertops: 15% 
Appliances: 8% 
Fixtures: 3% 


Find the costs for each of these parts of a kitchen. 
Source: National Kitchen and Bath Association 
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34. Which species has the least number of rhinos? 


36. How many more white rhinos are there than black 
rhinos? 


38. How does the white rhino population compare with the 
Indian rhino population? 


40. Bathroom Costs. The average cost of a bathroom is 
$11,605. Some of the cost percentages are as follows. 


Cabinets: 31% 
Countertops: 11% 
Labor: 25% 
Flooring: 6% 


Find the costs for each of these parts of a bathroom. 
Source: National Kitchen and Bath Association 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. Aset of data has just one average and just one median, but it can have more than one mode. 
[5.1a, b, c] 


2. It is possible for the average, the median, and the mode ofa set of data to be the same number. 
[5.1a, b, c] 


3. If there is an even number of items in a set of data, the middle number is the median. [5.1b] 


Guided Solutions 


Fill in each blank with the number that creates a correct solution. 
4. The average of 60, 45, 115, 15, and 35 is 
60 + 45 4 P ys a) 


=| |) bial 


5 


5. Find the median of this set of numbers: 
20 V3; 8.7, 6:3, 14:5) 4.8. [5.1] 
We first arrange the numbers from smallest to largest: 
Le Bo: 
There is an even number of items. The median is the average of 


and ; 
We find that average: 
+ 
zg ~27-U 
The median is 


Mixed Review 


For each set of numbers, find the average, the median, and any modes that exist. [5.1a, b, c] 
6. 56, 29, 45, 240, 175, 7, 29 7. 2.12, 18.42, 9.37, 43.89 


By i 4 Ys 


6. 10’ 10’ 10’ 10’ 10 


9. 160, 102, 102, 116, 160, 116 


10. $4.96, $5.24, $4.96, $10.05, $5.24 11. 


5H 8; fin (ey bh Bh Oy My te) 13536.27138;25-96.2,, 30:2 


Mid-Chapter Review: Chapter 5 361 


Downsizing. In tight economic times, companies sometimes downsize their products. That is, they charge the same price for 
a package that contains less product. The following table lists products that have been downsized recently. Use this table for 
Exercises 14-18. [5.2a] 


SIZE 14. How much less ice cream is in the new Breyer’s ice 
i 2 
finances! PERCENT cream package than in the old package? 
PRODUCT OLD NEW SMALLER 
Breyer's ice cream 56 | 48 A 15. By what percent has the size of Hellmann’s mayonnaise 
Hellmann’s changed in the downsizing process? 
mayonnaise 32 30 6 
Hershey’s Special 
Dark chocolate bar 8 6.8 3 16. Which product in the table has the greatest percent of 
Iams cat food 6 55 8 decrease? 
Nabisco Chips 
Ahoy cookies 16 15.25 5 
Skippy creamy 17. How much less orange juice is in the new Tropicana 
peanut butter 18 16.3 9 orange juice package than in the old package? 
Tropicana orange 
juice 96 89 i 
= 


18. Which product in the table has the smallest percent of 


SOURCE: Consumer Reports, October 2008 decrease? 


Gun Ownership. According to the Small Arms Survey 2007 by the Graduate Institute of International Studies in Geneva, 
Switzerland, the United States is the most heavily armed society in the world. The following pictograph shows gun ownership 
per 100 civilians in six countries. Use the pictograph for Exercises 19-24. [5.2b] 


5 : : : > 
Gun Owneislitp Rates (per 100 civilians) 19. What is the gun ownership rate in the United States? 


Canada 


20. How much larger is the gun ownership rate in the 
United States than in Canada? 


Finland 


21. What is the gun ownership rate in Switzerland? in 
Finland? 


22. Which country has the lowest gun ownership rate? 


Yemen Fr Fr rial j 


rr. 
Pr 
we 
ial il 
a ae 
a 


23. What is the average gun ownership rate for the six coun- 


SOURCE: Reuters, August 28, 2007 FP =5 guns tries listed in the pictograph? 


24. What is the median gun ownership rate for these six 
countries? 


Understanding Through Discussion and Writing 


25. Is it possible for a driver to average 20 mph on a 30-mi 26. You are applying for an entry-level job at a large firm. 
trip and still receive a ticket for driving 75 mph? Why or You can be informed of the mean, median, or mode 
why not? [5.1la] salary. Which of the three figures would you request? 


Why? [5.1a, b, c] 
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(a) Reading and Interpreting Bar Graphs 


A bar graph is convenient for showing comparisons because you can tell at a 
glance which amount represents the largest or smallest quantity. Since a bar 
graph is a more abstract form of pictograph, this is true of pictographs as well. 
However, with bar graphs, a second scale is usually included so that a more 
accurate determination of the amount can be made. 


EXAMPLE 1 Foreign Visits by Presidents. Theodore Roosevelt’s trip to 
Panama in 1904 was the first presidential foreign visit. The 42nd and 43rd 
presidents of the United States made more than twice as many foreign visits 
while in office than previous presidents. The following horizontal bar graph 
shows the number of foreign visits by the 34th—43rd presidents. 


Foreign Visits by U.S. Presidents While in Office 


Dwight D. Eisenhower 
John E Kennedy 
Lyndon B. Johnson 
Richard M. Nixon } 
Gerald R. Ford | 

Jimmy Carter 

Ronald W. Reagan 
George H.W. Bush 

Bill Clinton 

George W. Bush 


0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 
Number of foreign visits 


SOURCE: State Department, White House 


a) Which president in this list made the fewest foreign visits while in office? 
b) How many foreign visits did Ronald Reagan make? 
c) Which president made approximately 130 foreign visits? 
We look at the graph to answer the questions. 
a) The shortest bar is for John E Kennedy. Thus John E Kennedy made the 
fewest foreign visits. 


b) We move to the right along the bar that represents Ronald Reagan. We can 
read, fairly accurately, that he made approximately 49 foreign visits. 

c) We locate the line representing 130 visits and then go up until we reach a 
bar that ends close to 130. We can go to the left and read the name of the 
president, Bill Clinton. 


| Do Exercises 1-3. 


Use the bar graph in Example 1 to 
answer Margin Exercises 1-3. 


1. How many foreign visits did 
George H. W. Bush make? 


2. Which presidents made fewer 
than 30 foreign visits? 


3. Which president made approxi- 
mately 40 foreign visits? 


Answers 


1. 60 foreign visits 2. John E Kennedy, 
Lyndon B. Johnson, Gerald R. Ford 
3. Richard M. Nixon 
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Bar graphs are often drawn vertically, and sometimes a double bar graph 
is used to make comparisons. 


EXAMPLE 2 Childhood Cancer. The following graph indicates the sur- 
vival rates for various childhood cancers, comparing the rates for 1962 and 
the present. 


Mm 1962 a) What was the survival rate for osteosar- 
Childhood Cancer Survival Rates Ml Present coma in 1962? in the present? 

100% b) For which cancers is the present sur- 

90% vival rate more than 85%? 

ca c) How many of the cancers had survival 
_, 1 rates lower than 50% in 1962? in the 
oO 
g 60% |= present? 
E 50% |" d) The difference in survival rates from 
a 40% 1962 to the present is 75% for which 

30% type of cancer? 

20% 

10% 

Ss 
Of 
(Se 
SS 
J 
os 
Oey 
& NS 
= 
= 
v 


SOURCE: St. Jude Children's Research Hospital 
*Cancer survival of 5 years or more based on national averages over the past 10 years. 


We look at the graph to answer the questions. 


a) We go to the right, across the bottom, to the blue bar (1962) above 
osteosarcoma. Next, we go to the top of that bar and, from there, back to 
the left to read 20% on the vertical scale. We follow the same procedure for 
the red bar (the present) and read 65% on the vertical scale. The survival 
rate for osteosarcoma in 1962 was 20% and presently is 65%. 


b) We move up the vertical scale to 85%. From there, we move to the right 
across all red bars, noting any that are above 85%. We see that the survival 
rates for acute lymphoblastic leukemia and Hodgkin's disease are greater 
than 85%. 
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c) We move up the vertical scale to 50%. From there, we move to the right 
across all blue bars, noting any that are below 50%. We see that five of the 
six blue bars are below 50%. We also see that all six red bars are above 50%. 
Thus, in 1962 five of the six cancers had survival rates below 50%. Today, 
none of the six cancers has a survival rate below 50%. 


d) Looking at the heights of each set of bars, we see that the survival rate for 
medulloblastoma has increased from 10% in 1962 to 85% at the present. 
Thus the difference in survival rates is 75% for medulloblastoma. 


Do Exercises 4-6. 
b) Drawing Bar Graphs 


EXAMPLE 3 Population by Age. Listed below are U.S. population data 
for selected age groups. Make a vertical bar graph of the data. 


AGE GROUP PERCENT OF POPULATION 


5-17 years 
18 years and older 
10-49 years 
16-64 years 
55 years and older 
65 years and older 
85 years and older 


3 
SOURCE: U.S. Census Bureau 


First, we indicate the age groups in seven equally spaced intervals on the 
horizontal scale and give the horizontal scale the title “Age category.” (See Fig- 
ure 1 below.) 

Next, we scale the vertical axis. To do so, we look over the data and note that 
it ranges from 2% to 76%. We start the vertical scaling at 0, labeling the marks by 
10’s from 0 to 80. We give the vertical scale the title “Percent of population.” 

Finally, we draw vertical bars to show the various percents, as shown in 
Figure 2. We give the graph the overall title “U.S. Population by Age.” 


U.S. Population by Age U.S. Population by Age 
80% 80% 


70 

60 : 60 

50 50 

30 30 

20 20 
10 i 10 | 

(0) 0 
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iS 
o 

Percent of population 
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o 


- category ne category 
FIGURE 1 FIGURE 2 


Do Exercise 7. 


Use the bar graph in Example 2 to 
answer Margin Exercises 4-6. 


4. 


For which cancer(s) is the present 
survival rate between 50% 
and 70%? 


5. What is the present survival rate 


6. 


7. 


for acute lymphoblastic leukemia? 
What is the difference in survival 


rates for non-Hodgkin's lym- 
phoma from 1962 to the present? 


Planetary Moons. Makea 


horizontal bar graph to show the 


number of moons orbiting the 


various planets. 


Earth 1 
Mars 2. 
Jupiter 63 
Saturn 60 
Uranus 2 
Neptune 13 

2 


SOURCE: National Aeronautics 
and Space Administration 


Answers 


4, Neuroblastoma and osteosarcoma 
5. About 94% 6. About 85% — 7% = 78% 


7. 


Planet 


Earth 
Mars 
Jupiter | 


Saturn} } 


Uranus} | 
Neptune] — i 
Sass sSeca ssa 


4 12 20 28 36 44 52 60 68 
Number of moons 


5.3 Bar Graphs and Line Graphs 365 


Use the line graph in Example 4 to 
answer Margin Exercises 8-10. 


8. For which year was the pro- 
duction of popcorn the lowest? 


9. Between which years did produc- 
tion decrease? 


10. For which year was popcorn 
production about 230 million lb? 


Answers 


8. 2006 9. 2004-2005 and 2005-2006 =10. 2002 
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(c) Reading and Interpreting Line Graphs 


Line graphs are often used to show a change over time as well as to indicate 
patterns or trends. 


EXAMPLE 4 Popcorn. Americans consume 16 billion quarts of popcorn 
annually. Indiana ranks second in the United States in the production of pop- 
corn. The following line graph shows the production of popcorn, in millions 
of pounds per year, in Indiana from 2002 to 2008. 


Indiana’s Popcorn Production 


500 


"~ 
S 
=) 


Number of pounds 
(in millions) 


100 F 
| 


2002 2003 2004 2005 2006 2007 2008 
Year 


SOURCE: The Hoosier Farmer, Spring 2008; Indiana Corn Growers Association 


a) For which year was the production of popcorn the highest? 
b) Between which years did production increase? 
c) For which years was popcorn production about 315 million Ib? 


We look at the graph to answer the questions. 


a) The greatest number of pounds was about 385 million in 2004. 


b) Reading the graph from left to right, we see that popcorn production 
increased from 2002 to 2003, from 2003 to 2004, from 2006 to 2007, and 
from 2007 to 2008. 

c) We look left to right along a line at 315. We see that there are points close 
to 315 million at 2005 and at 2008. 


Indiana’s Popcorn Production 


400 b 


100 F 


Number of pounds 
(in millionss) 


Year 


SOURCE: The Hoosier Farmer, Spring 2008; Indiana Corn Growers Association 


Do Exercises 8-10. 
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' EXAMPLE 5 Monthly Loan Payment. Suppose you borrow $110,000 at an 
interest rate of 55% to buy a condominium. The following graph shows the 
monthly payment required to pay off the loan, depending on the length of 


the loan. 
$110,000 Loan Repayment 
$2500 p 
a 
eg 2000 |\- 
ise) 
a, 
8 1500 
iv) 
pp 
x 
ie} 
— 1000 
= 
g 
S 500 
= 
5 10 15 20 25 30 
Time of loan (in years) 
a) Estimate the monthly payment for a loan of 15 yr. 


b 


c) By how much does the monthly payment decrease when the loan period 
is increased from 10 yr to 20 yr? 


= 


What time period corresponds to a monthly payment of about $760? 


We look at the graph to answer the questions. 


a) We find the time period labeled “15” on the bottom scale and move up Use the line graph in Example 5 to 
from that point to the line. We then go straight across to the left and find answer Margin Exercises 11-13. 
that the monthly payment is about $900. 11. Estimate the monthly payment 

b) We locate $760 on the vertical axis. Then we move to the right until we for a loan of 25 yr. 


come to the line. The point $760 is on the line at the 20-yr time period. 


12. What ti i 
c) The graph shows that the monthly payment for 10 yr is about $1200; ns 


to a monthly payment of about 


for 20 yr, it is about $760. Thus the monthly payment is decreased $6252 

by $1200 — $760, or $440. (It should be noted that you will pay 

back $760 - 20 - 12 — $1200 - 10- 12, or $38,400, more in interest for a 13. By how much does the monthly 
20-yr loan.) } payment decrease when the 


loan period is increased from 


Do Exercises 11-13. 5 yr to 20 yr? 


Answers 
11. $675 12. 30yr 13. About $1340 
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14, Touchdown Passes. Listed 
below are the numbers of 
touchdown passes for Peyton 
Manning of the Indianapolis 


YEAR 
(Season) 


X 


Colts for the years 2003 to 2008. 


Make a line graph of the data. 


2003 
2004 
2005 
2006 
2007 
2008 


TOUCHDOWN 
PASSES 


29 
49 
28 
Sl 
31 
2h 


SOURCE: National Football League 


Answer 


14. 


Number of 
touchdown passes 


30 


20 


2003 2004 2005 2006 2007 2008 
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Year 


d) Drawing Line Graphs 


EXAMPLE 6 Temperature in Enclosed Vehicle. The temperature inside 
an enclosed vehicle increases rapidly with time. Listed in the table below are 
the inside temperatures of an enclosed vehicle for specified elapsed times 
when the outside temperature is 80°F. Make a line graph of the data. 


TEMPERATURE IN 
ENCLOSED VEHICLE 


WITH OUTSIDE 
ELAPSED TIME TEMPERATURE 80°F 


10 min 

20 min 109° 
30 min 14° 
40 min iLilfs}? 
50 min 120° 


60 min 


SOURCES: General Motors: Jan Null, Golden Gate Weather 
Services 


First, we indicate the 10-min elapsed time intervals on the horizontal 
scale and give the horizontal scale the title “Elapsed time (in minutes).” See 
the figure on the left below. Next, we scale the vertical axis by 10’s beginning 
with 80 to show the number of degrees and give the vertical scale the title 
“Temperature (in degrees).” The jagged line at the base of the vertical scale in- 
dicates that an unnecessary portion of the scale has been omitted. We also 
give the graph the overall title “Temperature in Enclosed Vehicle with Outside 
Temperature 80°F.” 


Temperature in Temperature in 
Enclosed Vehicle with Enclosed Vehicle with 
Outside Temperature 80°F Outside Temperature 80°F 
— 130°F = 180°F 
6 o 
S 120 2 120 
Bp o 
3 710 BS 110 
& i 
‘D 100 
2 100 g 
EB B 
= 90 z 90 
4, a 
e 80 E 80 
& s s - 
0 10 20 30 40 50 60 0 10 20 30 40 50 60 
Elapsed time (in minutes) Elapsed time (in minutes) 


Next, we mark the temperature at the appropriate level above each 
elapsed time. (See the figure on the right above.) Then we draw line segments 
connecting the points. The rapid change in temperature can be observed 
easily from the graph. 


Do Exercise 14. 
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For Extra Help 


Exercise Set MyMathLab 


Mii EG = & 


PRACTICE WATCH DOWNLOAD REVIEW 


(a) Bearded Irises. A gardener planted six varieties of bearded iris in a new garden on campus. Students from the horticul- 

ture department were assigned to record data on the range of heights for each variety. The following vertical bar graph 
shows the results of their study. The length of the light green shaded portion and the blossom of each bar illustrates the 
range of heights. For example, the range of heights for the miniature dwarf bearded iris is 2 in. to 9 in. 


Bearded Irises 


40 


. Which variety of iris has a minimum height of 17 in.? 


Height (in inches) 
iN) 
=] 
: 


16 


. What is the range of heights for the standard dwarf 12 | 
bearded iris? 


. Find the average of the maximum heights of all the 
varieties of irises shown in the graph. 


. Which variety of iris has a maximum height of 28 in.? 


Variety of bearded iris 


SOURCE: www.irises.org/classification.htm 


. What is the range of heights for the border bearded iris? 6. Find the median maximum height of all varieties of 
irises shown in the graph. 


. Which variety of iris has the smallest range in heights? 8. Which irises have a maximum height less than 16 in.? 


. What is the difference between the maximum heights of 10. Which irises have a range in heights less than 10 in.? 
the tallest iris and the shortest iris? 
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Chocolate Desserts. The following horizontal bar graph shows the average caloric content of various kinds of chocolate 


desserts. Use the bar graph for Exercises 11-18. 


11. Estimate how many calories there are in 1 cup of hot 
cocoa with skim milk. 


12. Estimate how many calories there are in a 2-0z candy 
bar with peanuts. 


13. Which dessert has the highest caloric content? 


14. Which dessert has the lowest caloric content? 


15. Which dessert contains about 460 calories? 


17. How many more calories are there in 1 cup of hot cocoa 
made with whole milk than in 1 cup of hot cocoa made 
with skim milk? 


Bachelor’s Degrees. The graph shown at right provides 
data on the number of bachelor’s degrees conferred on 
men and on women in selected years. Use the bar graph for 
Exercises 19-22. 


19. In which years were more bachelor’s degrees conferred 
on men than on women? 


20. How many more bachelor’s degrees were conferred on 
women in 2007 than in 1970? 


21. How many more bachelor’s degrees were conferred on 
women than on men in 2000? 
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Chocolate Desserts 
Premium chocolate 
ice cream, 1 cup 


Chocolate cake with § 
fudge frosting, 1 slice 


Chocolate § 
milkshake, 1 cup 


Candy bar with 
peanuts, 2 oz. 


Hot cocoa with 
whole milk, 1 cup 


Hot cocoa with 
skim milk, 1 cup 


Chocolate 

syrup, 2T . ie 

0 100 200 300 400 500 600 
Calories 


16. Which desserts contain about 300 calories? 


18. If Emily drinks a 4-cup chocolate milkshake, how many 
calories does she consume? 


Bachelor’s Degrees Conferred HE Men HG Women 


Bachelor's degrees conferred 
(in thousands) 


1950 1970 1990 2000 2007 


Year 


SOURCE: National Center for Education Statistics, U.S. Department of Education 


22. In which years were the numbers of bachelor’s degrees 
conferred on men and on women each greater than 
500,000? 


Copyright © 2012 Pearson Education, Inc. 


‘b) 


23. Cost of Adult Day Care. The following table lists the average daily cost of adult day care in six cities in the United States, 
along with the national average. Make a horizontal bar graph to illustrate the data. 


CITY OF ADULT DAY CARE 
Chicago $50 
Denver 61 
New York City 107 
Pittsburgh 5S) 
San Antonio 32 
San Diego Wh 
U.S. Average 64 A, 
XY / 


SOURCES: www.consumerhealthratings.com; MetLife Mature 
Market Institute survey, 2008 


Use the data and the bar graph in Exercise 23 to do Exercises 24-27. 


24, Which city has the highest average daily cost of adult 25. In which cities is the average daily cost of adult day care 
day care? less than $75? 

26. What is the average daily cost of adult day care in the 27. How much higher is the average daily cost of adult day 
cities listed in the table? How does it compare with the care in New York City than the national average? 


national average? 


28. Commuting Time. The following table lists the average commuting time in six metropolitan areas with more than 
1 million people. Make a vertical bar graph to illustrate the data. 


COMMUTING TIME 
(in minutes) 


Chicago 


Ss 
SOURCE: U.S. Census Bureau 
Use the data and the bar graph in Exercise 28 to do Exercises 29-32. 
29. Which city has the longest commuting time? 30. Which city has the shortest commuting time? 
31. What was the median commuting time for all six cities? 32. What was the average commuting time for the six cities? 
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(c) International Tourists to Beijing. The line graph below illustrates the number of international tourists, in millions, 
who visited Beijing in recent years. Use the graph for Exercises 33-36. 


International Tourists Visiting Beijing 


International tourists 
(in millions) 


i Pa SG 
2003 2004 2005 2006 2007 2008 
Year 
SOURCE: Beijing Statistics Year Book 


33. Estimate how many international tourists visited Beijing 34. How many more international tourists visited Beijing in 
in 2004; in 2007. 2008 than in 2003? 

35. Between which years did the number of international 36. Between which two years was the greatest increase in 
tourists decrease? the number of international tourists? 


Prime Time for Bank Crimes. In 2006, 7272 bank crimes occurred in the United States. The line graph below shows the number 
of those incidents that occurred by time of day. Use the graph for Exercises 37-40. 


20 37. In which time interval did the most bank crimes occur? 
Pac 15 
ES 
5 2 10 
g= ae 
ae. 38. In which time interval did the smallest number of bank 

crimes occur? 
om oO oh oho 
> ~y »~ ve i i) 
oO oy ay NY YX F aS 
a ® 


edt | 39. Estimate how many more bank crimes occurred 


between 9 A.M. and 11 A.M. than between 3 P.M. 
and 6 PM. 


40. Estimate how many bank crimes occurred between 
11 A.M. and 1 PM. 
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41. Longevity Beyond Age 65. The data in the table below tell us the number of years that a 65-year-old male in the given year 
can expect to live beyond age 65. Draw a line graph using the horizontal axis to scale “Year.” 


AVERAGE NUMBER OF 
YEARS MEN ARE ESTIMATED TO 

YEAR LIVE BEYOND AGE 65 
1980 14 
1990 15 
2000 15.9 
2010 16.4 
2020 16.9 
2030 Ned Ss 


SOURCE: 2000 Social Security Report 


42. What was the percent of increase in longevity (years 43. What is the expected percent of increase in longevity 
beyond 65) between 1980 and 2000? between 1980 and 2030? 

44, What is the expected percent of increase in longevity 45. What is the expected percent of increase in longevity be- 
between 2020 and 2030? tween 2000 and 2030? 


Skill Maintenance 


In each of Exercises 46-53, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


46. The set of numbers 1, 2, 3, 4, 5,... is called the set of add 
numbers. [1.1b] 


subtract 
47. To find the average of a set of numbers, ________ the multiply 
numbers and then by the number of items of tes 
divide 
data. [5.la] 
simple 
48. The interest J on principal P, invested for t years Fl 
at interest rate r,is givenbyI = P-r-t. [4.8a] its ca 
discount 
49. If an item has a regular price of $100 and is on sale for 25% off, . 
$100 is called the ,25% the ____ rate of discount 
25% of $100, or $25, the , and $100 — $25, or sale price 
$75, the . [4.7c] marked price 
50. When interest is paid on interest, it is called repeating 
interest. [4.8b] terminating 
51. The decimal 0.1518 is an example of a(n) ———___ natural 
decimal. [3.5a] 
whole 
52. In the equation 103 — 13 = 90, the —_____ difference 
is 13. [1.2c] minuend 
53. The decimal 0.125 is an example of a(n) subtrahend 


decimal. [3.5a] 
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SKILL TO REVIEW 
Objective 4.3a: Convert from 
fraction notation to percent 
notation. 


Find percent notation. 


Use the circle graph in Example 1 to 
answer Margin Exercises 1-3. 


1. Which age group includes 24% 
of all children in foster care? 


2. What percent of children in fos- 
ter care are over 15 years old? 


3. In 2008, there were 580,000 chil- 
dren in foster care. How many 
were 11-15 years old? 


Answers 

Skill to Review: 
1.7% 2. 81% 
Margin Exercises: 


1. 1-5 yearsold 2. 18% 
3. 168,200 children 


We often use circle graphs, also called pie charts, to show the percent of a 
quantity in each of several categories. Circle graphs can also be used very 
effectively to show visually the ratio of one category to another. In either case, 
it is quite often necessary to use mathematics to find the actual amounts rep- 
resented for each specific category. 


(a) Reading and Interpreting Circle Graphs 


EXAMPLE 1 Children in Foster Care. There are over one half million chil- 
dren in publicly supported foster care in the United States. This circle graph 
shows the percentage of foster children by age. 


Children in Foster Care by Age 


19 and older Under 1 year 
2% 4% 


16-18 years 
16% 1-5 years 
24% 
11-15 years 6-10 years 
29% 25% 


SOURCE: Adoption and Foster Care Analysis and 
Reporting System (AFCARS) 


je 


a) Which age group has the most children? 
b) What percent of the children are 6-10 years old? 
c) Which age group includes 4% of the total number of children? 


d 


wm 


In 2008, there were 580,000 children in foster care. How many were 
16-18 years old? 


e) What percent of children in foster care are less than 11 years old? 
We look at the sections of the graph to find the answers. 


a) The largest section (or sector) of the graph, 29%, represents 11-15 years old. 
b) We see that those 6-10 years old are 25% of all children in foster care. 


c) Those under 1 year old account for 4% of the total number of children in 
foster care. 


The section of the graph representing 16-18 years old is 16%; 16% of 580,000 
is 92,800. Thus, 92,800 children in foster care in 2008 were 16-18 years old. 


e) We add the percents corresponding to 6-10 years old, 1-5 years old, and 
under 1 year. We have 


25% + 24% + 4% = 53%. ) 


Do Margin Exercises 1-3. J 


= 


d 


wm 
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(b) Drawing Circle Graphs 


To draw a circle graph, or pie chart, like the one in Example 1, think ofa pie 
cut into 100 equally sized pieces. We then shade in a wedge equal in size to 4 
of these pieces to represent 4% under 1 year. We shade a wedge equal in size 
to 24 of these pieces to represent 24% for 1-5 years, and so on. 


EXAMPLE 2 Fruit Juice Sales. The percents of Apple: 14% 
various kinds of fruit juice sold are given in the list at Orange: 56% 
right. Use this information to draw a circle graph. Blends: 6% 
Source: Beverage Marketing Corporation Grape: 5% 
Grapefruit: 4% 
Prune: 1% 
Other: 14% 


Using a circle with 100 equally spaced tick marks, we start with the 14% 
given for apple juice. We draw a line from the center to any tick mark. Then we 
count off 14 ticks and draw another line. We shade the wedge with a color—in 
this case, pink—and label the wedge as shown in the figure on the left below. 


14% 


4. Lengths of Engagement of 
Married Couples. The data 
below relate the percent of mar- 
ried couples who were engaged 
for certain periods of time before 
marriage. Use this information to 
draw a circle graph. 


ENGAGEMENT 
PERIOD PERCENT 


Less than 1 year 24% 
1-2 years 21 
More than 2 years 85) 


Fruit Juice Sales 


Never engaged 20 


Other 14% 
Prune 1% 
Grapefruit 4% 


SOURCE: Bruskin Goldring Research 


Grape 5% 


Blends 6% 


To shade a wedge for orange juice, at 56%, we start at one side of the ap- 
ple wedge, count off 56 ticks, and draw another line. We shade the wedge with 
a different color—in this case, orange—and label the wedge as shown in the 
figure on the right above. Continuing in this manner and choosing different 
colors, we obtain the final graph shown above. Finally, we give the graph the Answer 
overall title “Fruit Juice Sales.” 


Less than 


lyear More than 
5 24% 2 years 
Do Exercise 4. 35% 
1-2 years 
21% Never 


engaged 
20% 
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1. Vacation Miles. The Saenz family 


drove their new van 13,640.8 mi 
in the first year. Of this total, 
2018.2 mi were driven while on 
vacation. How many nonvacation 
miles did they drive? 


. Rail Miles. Ofthe recent 

155 million passenger miles on 

a rail passenger line, 80% were 
transportation-to-work miles. 
How many rail miles, in millions, 
were to and from work? 


. Sales Tax Rate. The sales tax on 
the purchase of 10 bath towels 
that cost $129.50 is $8.42. What 
is the sales tax rate? 


. Water Level. During heavy 
rains in early spring, the water 
level in a pond rose 0.5 in. every 
35 min. How much did the 
water rise in 90 min? 


. Marathon Training. When 
training for a marathon, Yuriy 
Vebjoern ran 154 mi per day 
six days a week. This distance is 
80% of the distance Yuriy ran 
per day. How far did Yuriy run 
each day? 


Translating 
for Success 


The goal of these matching questions 

is to practice step (2), Translate, of 

the five-step problem-solving process. 
Translate each word problem to an 
equation and select a correct translation 
from equations A-O. 


A. 8.42 -x = 129.50 
B. x = 80% - 155 


= 84 88 
84 


2018.2 + x = 13,640.8 


5 x 


100 3875 


2018.2 = x - 13,640.8 


x = 8.42% - 129.50 
0.5 x 35 = 90-x 


Answers on page A-9 


6. Vacation Miles. The Ning family 


drove 2018.2 mi on their summer 
vacation. If they put a total of 
13,640.8 mi on their new van dur- 
ing that year, what percent were 
vacation miles? 


. Sales Tax. The sales tax rate is 


8.42%. Salena purchased 10 pillows 
at $12.95 each. How much tax was 
charged on this purchase? 


. Charity Donations. Rachel 


donated $5 to her favorite charity for 
each $100 she earned. One month, 
she earned $3875. How much did 
she donate that month? 


. Tuxedos. Emil Tailoring Company 


purchased 73 yd of fabric for a new 
line of tuxedos. How many tuxedos 
can be produced if it takes 4 § yd of 
fabric for each tuxedo? 


. Percent of Increase. Ina calculus- 


based physics course, Mime got 
68% on the first exam and 84% on 
the second. What was the percent 
of increase in her score? 


: For Extra Help - 
SCRE myMathiab| x SB ST. 


ia |, Foreign Students. The circle graph below shows the foreign countries sending the most students to the United States to 
- attend colleges and universities. Use this graph for Exercises 1-6. 


1. What percent of foreign students are from South Korea? Foreign Students Enrolled in 
U.S. Colleges and Universities, 2008 
Other 
37% 
Vietnam 
: Turkey 
2. Together, what percent of foreign students are from 2.5% 2% 
China and Taiwan? Nepal ——_ ww a Saudi Arabia 
2.5% —==ll=— Mexico 3% 
3% 
South Korea i 
11% 
3. In 2008, there were approximately 625,000 foreign ZA ee 
students studying at colleges and universities in the japee | 
. F : 6% 
United States. According to the data in the graph, China Taiwan 
how many were from India? 13% 5% 
SOURCE: Institute of International Education 
4. In 2008, there were approximately 625,000 foreign 
students studying in the United States. How many 
were from Nepal? 
5. Which country accounted for 6% of the foreign 6. Which country accounted for 11% of the foreign 


students? students? 


Outdoor Recreation. The circle graph below shows what people look forward to the most when participating in outdoor 
recreational activities. The data shown in the graph are from a survey of 1027 adults. Use the graph for Exercises 7-10. 


7. What percent of those who participate in outdoor activities 


; Enjoying the Outdoors 
look forward the most to forgetting about work? 


Inspiration 11% 


aie . Je Solitude 12% 
8. What percent of those who participate in outdoor activi- : 


ties look forward the most to solitude? 


Forgetting 
about work 18% 


Companionship 21% 


SOURCES: Open Air Magazine; International Communications Research 


9. How many participants in the survey listed exercise as 10. How many participants in the survey listed inspiration as 
the main reason they look forward to outdoor recreation? the main reason they look forward to outdoor recreation? 
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b In Exercises 11-14, use the given information to complete a circle graph. Note that each circle is divided into 100 sections. 


11. College Loans. The table below lists where families first 12. Population of Continents. The table below lists the per- 
look for college loans. centage of the world population on each continent. 
College 57% Africa 14% 
Local bank 18 Asia 61 
Internet 15 Europe ll 
Family/friends 5 Oceania, includes Australia 
Other 5 North America 8 
\ J South America 5 
SOURCES: Survey.com:; TuitionBids.com x J 
SOURCE: Population Division/International Programs Center, 
U.S. Census Bureau 


13. Addiction Help. About 5 million people in the United 14. Causes of Spinal Cord Injuries. The table below lists the 
States participated in self-help programs to fight addic- causes of spinal cord injury. 


tion in 2008. The table below lists the participants by age. 


Motor vehicle accidents 44% 
12-17 Acts of violence 24 
18-25 Falls 22; 
26-49 Sports 8 
50 and older Other 2, 
& S 


SOURCE: Substance Abuse and Mental Health 
Services Administration 


OO 0 
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SOURCE: National Spinal Cord Injury Association 
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CHAPTER 


Summary and Review 


g ‘) 
Key Terms 
statistic, p. 345 median, p. 349 bar graph, p. 363 
average, p. 345 mode, p. 349 line graph, p. 366 
arithmetic mean, p. 345 table, p. 354 circle graph, p. 374 
mean, p. 345 pictograph, p. 356 pie chart, p. 374 


grade point average (GPA), p. 347 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. To find the average of a set of numbers, add the numbers and then multiply by the number of items 
of data. [5.1la] 


2. If each number in a set of data occurs the same number of times, there isno mode. [5.1c] 


3. If there is an odd number of items in a set of data, the middle number is the median. [5.1b] 


Important Concepts 


Objectives 5.la, b,c Find the average, the median, and the mode of a set of numbers. 


Example Find the average, the median, and the mode of Practice Exercise 
this set of numbers: 1. Find the average, the median, and the mode of this set 

2.6, 3.5, 61.8, 10.4, 3.5, 21.6, 10.4, 3.5. of numbers: 
Average: We add the numbers and divide by the number of 8, 13, 1, 4, 8, 7, 15. 

data items: 

2.6 + 3.5 + 61.8 + 10.4 + 3.5 + 21.6 + 10.4 + 3.5 

8 
= 1173 _ 14.65, 


The average is 14.6625. 


Median: We first rearrange the numbers from the smallest to 
the largest. There is an even number of numbers. 
We look for the middle two, which are 3.5 and 10.4. 
The median is halfway between 3.5 and 10.4. (If 
there is an odd number of numbers, the median is 
the middle number.) Thus we have 


2.6,3.5, 3.5, 3.5, 10.4, 10.4, 21.6, 61.8. 
The average of the middle numbers is 


3.5 + 10.4 13.9 
5 ct i 6.95. 


The median is 6.95. 


Mode: The number that occurs most often is 3.5, so it is the 
mode. 


The mode is 3.5. 
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Objective 5.2a Extract and interpret data from tables. 


Example The table below lists comparative information for 
oatmeal sold by six companies. 


PER PACKET (instant) OR 
PRODUCT SERVING (longer-cooking) 


Cost 
Calories 

Fat (g) 

Fiber (g) 
Sugars (g) 
Sodium (mg) 


Quaker Quick-1 Minute 0.19 150 3.0 0 
Market Pantry Maple & 
Brown Sugar 0.17 160 2.0 3 13 240 


365 Organic Maple Spice | 0.42 150 1.5 3 13 200 
Kashi Heart to Heart 


Golden Brown Maple 0.44 160 2.0 5 12 100 
McCann's Irish Maple & 

Brown Sugar 0.45 160 2.0 3 13 240 
Quaker Organic Maple & 

Brown Sugar Oey! ie) 20 3) 2 is 
Nature's Path Organic 

Maple Nut 0.47 200 4.0 4 12 105 
X y 


SOURCE: Consumer Reports, November 2008 


a) Which oatmeal has the greatest number of calories? 
b) How much sodium is in a serving of Market Pantry 
Maple & Brown Sugar? 


An examination of the table will give the answers. 


a) We look down the column headed “Calories” and find the 
largest number. That number is 200. Then we look left 
across that row to find the name of the oatmeal, Nature’s 
Path Organic Maple Nut. 

b) We look down the column of products and find Market 
Pantry. Then we move right across that row to the 
column headed “Sodium” and find the amount of 
sodium: 240 mg. 


Practice Exercises 


Use the table in the example shown above for Exercises 
2and 3. 


2. Which oatmeal has the greatest cost per serving? What 
is that cost? 


3. How many grams of sugar are in the Kashi oatmeal? 


\ 
Objective 5.3a Extract and interpret data from bar graphs. 


Example The horizontal bar graph below shows the 
building costs of selected stadiums. When comparing the 
costs, note the year in which each stadium was built. 


Cost of Sports Stadiums 


Invesco Field 
@ Mile High, 2001 


cm 700 Ae 
Stadium, 2008 

Arrowhead 

Stadium, 1972 


Bank of America Sa 

Stadium, 1996 
Candlestick 
Park, 1972 


$100 200 300 400 500 600 700 800 
Cost (in millions) 
SOURCE: National Football League 


a) Estimate how much more Lucas Oil Stadium cost than 
Invesco Field cost. 
b) Which stadium cost approximately $250 million to build? 


We look at the graph to answer the questions. 


a) We move to the right along the bars for Lucas Oil Stadium 
and Invesco Field and move down to the horizontal scale 
to estimate the costs: about $720 million for Lucas Oil 
Stadium and $360 million for Invesco Field. The 
difference in cost is about $720 million — $360 million, 
or $360 million. Thus Lucas Oil cost about $360 million 
more than Invesco Field. 

b) We locate the line representing $250 million and then 
go up until we reach a bar that ends close to $250 
million. Then we go to the left and read the name of the 
stadium, Bank of America Stadium. 


Practice Exercises 


Use the bar graph in the example shown above for 
Exercises 4 and 5. 


4. Which stadiums cost less than $100 million? 


5. Estimate how much more Invesco Field cost than Bank 
of America Stadium. 
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Objective 5.4a Extract and interpret data from circle graphs. 


Example The circle graph below shows the percentages 
of the population of the United States in various age 
groups. 


Population of United States by Age 


20-39 Under 20 
26% 27% 


a 80 and older 


4% 


40-59 60-79 
28% 15% 


a) What percent of the population is 40-59 years old? 
b) How much more of the population is in the 20-39 years 
age group than in the 60-79 years age group? 


The graph gives us the answers. 


a) The graph shows us that the segment of the population 
that is 40-59 years old is 28% of the total population. 

b) From the graph, we see that 26% of the population is 
20-39 years old and only 15% is 60-79 years old. We 
subtract: 26% — 15% = 11%. Thus the percent of the 
population that is 20-39 years old is 11% greater than 
the percentage that is 60-79 years old. 


Review Exercises 
Find the average. [5.1a] 

1. 26, 34, 43, 51 

2. 11, 14, 17, 18, 7 

3. 0.2, 1.7, 1.9, 2.4 

4. 700, 2700, 3000, 900, 1900 
5. $2, $14, $17, $17, $21, $29 


6. 20, 190, 280, 470, 470, 500 


7. To get an Ain math, Naomi must score an average of 90 
on four tests. Her scores on the first three tests were 94, 
78, and 92. What is the lowest score she can make on 
the last test and still getan A? [5.1a] 


Practice Exercises 
Use the circle graph at left to answer Exercises 6 and 7. 
6. Which age group has the fewest people? 
7. What percent of the population is under 20 years old? 


. Gas Mileage. A 2009 Pontiac Solstice GXP gets 532 mi 


of highway driving on 19 gal of gasoline. What is the 
gas mileage? [5.1la] 
Source: Car and Driver, December 2008 


. Grade Point Average. Find the grade point average 
for one semester given the following grades. Assume 
the grade point values are 4.0 for A, 3.0 for B, and so on. 
Round to the nearest tenth. [5.1la] 


NUMBER OF CREDIT 
HOURS IN COURSE 


Math 

English 
Computer science 
Spanish 

College skills 
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Find the median. [5.1b] 
10. 26, 34, 43, 51 


11. 7, 11, 14, 17, 18 


12. 0.2, 1.7, 1.9, 2.4 


13. 700, 900, 1900, 2700, 3000 


14. $2, $17, $21, $29, $14, $17 


15. 470, 20, 190, 280, 470, 500 


16. One summer, a student worked part time as a veterinary 
assistant. She earned the following weekly amounts 
over a six-week period: $360, $192, $240, $216, $420, and 
$132. What was the average amount earned per week? 
the median? [5.1a, b] 


Find the mode. [5.1c] 
17. 26, 34, 43, 26, 51 


18. 17, 7, 11, 11, 14, 17, 18 


19. 0.2, 0.2, 1.7, 1.9, 2.4, 0.2 


20. 700, 700, 800, 2700, 800 


21. $14, $17, $21, $29, $17, $2 


22. 20, 20, 20, 20, 20, 500 


23. Battery Testing. An experiment is performed to 
compare battery quality. Two kinds of battery were 
tested to see how long, in hours, they kept a hand 
radio running. On the basis of this test, which 
battery is better? [5.1d] 


BATTERY A: TIMES BATTERY B: TIMES 


(in hours) (in hours) 


38.9 39.3 40.4 Shs) Stel) Sieyis) 
53.1 41.7 38.0 37.4 47.6 37.9 
36.8 47.7 48.1 46.9 37.8 38.1 
38.2 46.9 47.4 47.9 50.1 38.2 


UPS Mailing Costs. The table below lists the charges for 
three types of UPS delivery service of packages of various 
weights from zip code 46143 to zip code 60614. Use this 
table for Exercises 24-26. [5.2a] 


UPS UPS 
NEXT DAY SAVER | NEXT DAY AIR 


DELIVERY BY END | DELIVERY BY 


PACKAGE OF DAY 10:30 A.M. 
1lb § SIS Gh IL 228) $24.30 
2 D225) 22.90 Bd 
3 oy 24.03 28.06 
4 9.52 25.75 30.05 
5 9.88 26.61 30.37 
6 10.11 Molle) S078) 
1 10.52 28.17 34.24 
8 10.85 295i 34.78 
8) 11.10 30.91 35.48 

10 11.41 Slay 35.53 


SOURCE: United Parcel Service 


24. Find the cost of a 5-lb UPS Next Day Air delivery. 


25. Find the cost of an 8-lb UPS Ground delivery. 


26. How much would you save by sending the package in 
Exercise 24 by UPS Next Day Saver delivery? 


~ 
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PGA Champions by Age. The pictograph below shows the 
number of Professional Golf Association (PGA) champions 
by age. Use this graph for Exercises 27-29. [5.2b] 


©) = 1 champion | 


PGA Champions by Age 


$666 S6966606666 
9666668669699 690 
6866 SS666 


66666 


SOURCE: Professional Golf Association 


27. How many PGA champions were 25-29 years old? 


28. Of the age categories listed, which one has the most 
champions? 


29. How many more champions were 30-34 years old than 
35-39 years old? 


Melting Snow Runoff. The amount of snow that accum- 
ulates during the winter in California is vital to the state's 
water supply. The bar graph below shows the state’s runoff 
as a percentage of normal for 2004—2008. Use this graph 
for Exercises 30-33. [5.3a] 


California’s Snow Runoff 


Percentage of normal 


2004 2005 2006 2007 2008 
Year 


SOURCE: California Department of Water Resources 


30. Which years had less than normal runoff? 


31. What was the percentage of runoff in 2008? 


32. What was the difference in the runoffs for 2005 
and 2007? 


33. What year had over 170% runoff? 


Masters Tournament Scores. The line graph below 
shows the total scores that Phil Mickelson shot in the 
Masters Tournaments from 2001 to 2009. Use this graph 
for Exercises 34-40. 


Phil Mickelson’s Masters Tournament, 
Total Scores for 2001-2009 


Total score 


SOURCES: Professional Golf Association; Melissa Lyles, Augusta National 
Golf Club 


34. In which year did Phil Mickelson shoot his lowest 
score? [5.3c] 


35. In which year did Phil Mickelson shoot his highest 
score? [5.3c] 


36. In which years did Phil Mickelson score less than 280? 
[5.3] 


37. In which years was Phil Mickelson’s total score for the 
Masters 279? = [5.3c] 


38. How much higher was Phil Mickelson’s highest total 
score than his lowest total score for the tournaments 
from 2001 to 20092 [5.3c] 


39. What is the median score of the total scores for 
2001-20092 [5.1b], [5.3c] 


40. What is the average of Phil Mickelson’s scores for the 
years shown in the graph? [5.1al, [5.3c] 
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Armed Forces. The circle graph below shows the percent- 
age of defense personnel for each branch of the U.S. Armed 
Forces. Use this graph for Exercises 41-44. [5.4a] 


Total Armed Forces 


Navy 
26% 


Air Force 7 


25% Marines 
13% 


Army 
36% 


SOURCE: U.S. Department of Defense 


41. What percent of the Armed Forces is the Army? 
42. Which branch represents 13% of the Armed Forces? 


43. In 2008, there were approximately 1,400,000 members 
of the Armed Forces. How many were in the Air 
Force? 


44, The Army represents how much more of the total 
Armed Forces than the Navy does? 


45. Find the mode(s) of this set of data. 
6; -9;.. 6, 8; 8, 5, 10, 5; 9;. 10 [S.1e] 


A. 8 B. 5, 6, 8, 9, 10 
Cc. 9 D. No mode exists. 


1. Find a real-world situation that fits this equation: 


_ 20,500 + 22,800 + 23,400 + 26,000 
Z : 


T 


[5.1la] 


2. Can bar graphs always, sometimes, or never be con- 
verted to line graphs? Why? [5.3b, d] 


3. Discuss the advantages of being able to read a circle 
graph. [5.4a] 


\ 


46. What is the average of this set of data? 


oe ae 
2 3 4 5 : 
77 il 
A. ——~ B. = 
240 3 
7 1 
ior D. — 
u 24 4 


First-Class Postage. The table below lists the cost of first- 
class postage in various years. Use the table for Exercises 


47 and 48. 
YEAR FIRST-CLASS POSTAGE 


1995 32¢ 
alee) 33 
2001 34 
2002 37 
2006 39 
2007 4] 
2008 42 
2009 44 
_ 


SOURCE: U.S. Postal Service 


47. Make a vertical bar graph of the data. [5.3b] 


48. Make a line graph of the data. [5.3d] 


49. Construct a circle graph for the PGA Champions by 
Age data given in the pictograph for Exercises 27-29: 
20-24 years, 8%; 25-29 years, 20%; 30-34 years, 44%; 
35-39 years, 22%; 40+ years, 6%. [5.4b] 


Synthesis 


50. The ordered set of data 298, 301, 305, a, 323, b, 390 has 
a median of 316 and an average of 326. Find a 
and b. [5.1a, b] 


Understanding Through Discussion and Writing 


4. Compare bar graphs and line graphs. Discuss why you 
might use one rather than the other to graph a particular 
setofdata. [5.3b, d] 


5. Compare and contrast averages, medians, and modes. 
Discuss why you might use one over the others to 
analyze aset of data. [5.1a, b, c] 


6. Compare circle graphs to bar graphs. [5.3a], [5.4a] 
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For Extra Help 


Test a » Te st P e Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
o) lest Frep on DVD, in MymathLab) , and on Youfji)° (search “BittingerDevMath” and click on “Channels”. 


Find the average. 
1. 45, 49, 52, 52 @o Ih Ik, @ Sp 3 Sib oh 17, 1a, lsh, ik}, 20 


Find the median and the mode. 


4. 45, 49, 52, 53 kt I, Il) BS By & (S17, ley ts}; ks}; 210) 

7. Gas Mileage. A 2009 Honda Fit gets 462 mi of highway 8. Grades. To getaCin chemistry, Ted must score an aver- 
driving on 14 gal of gasoline. What is the gas mileage? age of 70 on four tests. His scores on the first three tests 
Source: Car and Driver, December 2008 were 68, 71, and 65. What is the lowest score he can make 


on the last test and still get a C2? 


9. Grade Point Average. Find the grade point average for 10. Chocolate Bars. An experiment was performed to 
one semester given the following grades. Assume the compare the quality of new Swiss chocolate bars being 
grade point values are 4.0 for A, 3.0 for B, and so on. introduced in the United States. People were asked to 
Round to the nearest tenth. taste the candies and rate them on a scale of 1 to 10, with 


10 being the best. On the basis of this test, which choco- 


NUMBER OF CREDIT late bar is better? 
COURSE GRADE HOURS IN COURSE 


BAR A: BAR B: 
Introductory algebra B 3 SWISS PECAN | SWISS HAZELNUT 
English A 3 
Business G 4 S) i) © 10 6 8 
Spanish B 3 1 QO 7 9 10 Ie 
Typing B D 6 9 10 8 7 
L J FFB an8 9 10 8 
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Desirable Body Weights. The following tables list the desirable body weights for men and women over age 25. Use the tables 
for Exercises 11-14. 


11. What is the desirable weight for a 6 ft 1 in. man 
with a medium frame? 


DESIRABLE WEIGHT OF MEN 


SMALL FRAME MEDIUM FRAME 
HEIGHT (in pounds) (in pounds) 


LARGE FRAME 


(in pounds) 
5 ft 7 in. 138 152 166 
Hine ) tha, 146 160 174 12. What size woman has a desirable weight of 120 lb? 
Gite Wil im, 154 169 184 
6 ft 1 in. 163 179 194 
6 ft 3 in. WY 188 204 
S 4 


13. How much more should a 5 ft 3 in. woman with a 


: 5 : 
DESIRABLE WEIGHT OF WOMEN medium frame weigh than one with a small frame? 


SMALL FRAME MEDIUM FRAME LARGE FRAME 
HEIGHT (in pounds) (in pounds) (in pounds) 


ne ue Be ee 14. How much more should a 6 ft 3 in. man with a large 
5 ft 3 in. 111 120 130 frame weigh than one with a small frame? 
5 ft 5 in. 118 128 139 
5 ft 7 in. 126 137 147 
5 ft 9 in. 134 144 15) 
SOURCE: U.S. Department of Agriculture 


Waste Generated. The number of pounds of waste Amount of Waste Generated (per person per year) 
generated per person per year varies greatly among 
countries around the world. In the pictograph at right, each 
symbol represents approximately 100 lb of waste. Use the 
pictograph for Exercises 15-18. 


15. In which country does each person generate 1300 Ib 
of waste per year? 


16. In which countries does each person generate more 
than 1500 lb of waste per year? 


17. How many pounds of waste per person per year are 
generated in Canada? 


18. How many more pounds of waste per person per year Ml le lil lh 


are generated in the United States than in Mexico? 


SOURCE: OECD, Key Environmental Indicators 2008 | = 100 pounds | = 100 | = 109 pounds} 
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19. Animal Speeds. The following table lists maximum speeds of movement for various animals, in miles per hour, compared 
to the speed of the fastest human. Make a vertical bar graph of the data. 


SPEED 
ANIMAL (in miles per hour) 


Human 

Chicken 9 
Elephant 25 
Cheetah 70 
Zebra 40 
Lion 50 
Pronghorn antelope 61 
Elk 45 

= 
SOURCE: Natural History Magazine, © American Museum of Natural History 


Refer to the table and the graph in Exercise 19 for Exercises 20-23. 


20. By how much does the fastest speed exceed the slowest 21. Does a human have a chance of outrunning a zebra? 
speed? Explain. 
22. Find the average of all the speeds. 23. Find the median of all the speeds. 


Food Dollars Spent Away from Home. The line graph below shows the percent of food dollars spent away from home for 
various years, and projected to 2010. Use the graph for Exercises 24-27. 


Food Dollars Spent Away from Home 
60% 
50% }-~ 
40% 


30% 


Percent 


20% 


10% 


0% 


60 70 80 90 700 =. 2010 


Projection 


SOURCES: U.S. Bureau of Labor Statistics; National Restaurant Association 


24, What percent of food dollars will be spent away from 25. What percent of food dollars were spent away from home 
home in 2010? in 19852 

26. In what year was the percent of food dollars spent away 27. In what year was the percent of food dollars spent away 
from home about 30%? from home about 50%? 
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Book Circulation. The table below lists the average number of books checked out per day of the week for a branch library. 


Use this table for Exercises 28 and 29. 
NUMBER OF BOOKS 
DAY CHECKED OUT 


Sunday 210 
Monday 160 
Tuesday 240 
Wednesday 270 
Thursday 310 
Friday 275 
Saturday 420 
y 
28. Make a vertical bar graph of the data. 29. Make a line graph of the data. 
S S 


30. Food Budget. The following table lists the percent of a 
family’s food budget spent on selected food categories. 
Construct a circle graph representing these data. 


FOOD CATEGORY PERCENT OF BUDGET 


Meat, poultry, 


fish, and eggs 2S 
Fruits and 

vegetables il? 
Cereals and 

bakery products 13 
Dairy products ll 
Other 36 


SOURCE: Consumer Expenditure Survey 


31. Referring to Exercise 30, consider a family that spends $664 per month on food. Using 
the percents from the table and the circle graph, find the amount of money spent on 
cereals and bakery products. 


A. $8.63 B. $21.58 
C. $86.32 D. $577.68 
Synthesis 


32. The ordered set of data 69, 71, 73, a, 78, 98, b has a median of 74 and a mean of 82. Find a and b. 
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Basic Geometric Figures 
Perimeter 
Area 
Circles 
MID-CHAPTER REVIEW 


Volume and Surface Area 


Relationships Between 
Angle Measures 


Congruent Triangles 
and Properties of 
Parallelograms 


Similar Triangles 


TRANSLATING FOR SUCCESS 
SUMMARY AND REVIEW 
TEST 


Malaria is the leading cause of death among children in Africa. Bed nets prevent 
malaria transmission by creating a protective barrier against mosquitoes at night. 

In November 2006, the United Nations Foundation, the United Methodist Church, 
and the National Basketball Association launched the Nothing But Nets campaign to 
distribute mosquito netting in Africa. Two years later, 2,194,124 insecticide-treated 
bed nets had been sent to seven African countries. A medium-sized net measures 
approximately 9.843 ft by 8.2025 ft. A large-sized net measures approximately 13.124 ft 
by 8.2025 ft. Find the area of each net. How much larger is the area of the larger net 
than that of the medium net? 


Source: www.nothingbutnets.net 


This problem appears as Exercise 10 in Section 6.3. 
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1. a) Drawa segment. 


b) Label its endpoints E and F. 


c) Name this segment in two 
ways. 


2. Draw two points P and Q. 
3. Draw PQ. 


4. Draw PQ. What is its endpoint? 


5. Use a colored pencil to draw QR. 


What is its endpoint? 
Answers 
1. (a) and (b) ; (c) EF, FE 
E F 
2; 8 e 3. e—_________ 
P Q P Q 
4. e¢ ms >;P 
P Q 
5. <—_—_—_»——————+}Q 
P Q 
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In geometry we study sets of points. A geometric figure (or figure) is simply a 
set of points. Thus a figure can be a set with one point, a set with two points, 
or sets that look like those below. 


(a) Segments, Rays, and Lines 


A segment is a geometric figure consisting of two points, called endpoints, 
and all points between them. The segment whose endpoints are A and B is 
shown below. It can be named AB or BA. 


Do Exercise 1. 


We get an idea of a geometric figure called a ray by thinking of a ray of 
light. A ray consists of a segment, say AB, and all points X such that B is be- 
tween A and X, that is, AB and all points “beyond” B 


_ 
x 


A B 


Aray is usually drawn as shown below. It has just one endpoint. The arrow in- 
dicates that it extends forever in one direction. 


© 
A B 


A ray is named AB, where B is some point on the ray other than A. The end- 
point is always listed first. Thus rays AB and BA are different. 


Do Exercises 2-5. J 


Two rays such as PQ and QP make up what is known as a line. A line can 
be named with a smaller letter m, as shown below, or it can be named by two 
points P and Q on the line as PQ. 


ST 
P Q m 


| Do Exercises 6-11. 


Lines in the same plane are called coplanar. Coplanar lines that do not 
intersect are called parallel. For example, lines / and m below are parallel 


6. Draw two points R and S. 


7. Draw RS. What are its endpoints? 


Im). = eg: : 

(im) 8. Draw RS. What is its endpoint? 

. or 9. Draw SR. What is its endpoint? 
or 10. Draw RS. What are its endpoints? 
The figure below shows two lines that cross. Their intersection is D. They 11. Name this line in seven different 

are also called intersecting lines. ways. 
<———<—e—__§_|_e——_—__—_ —e—__ 
R S if 
D 


(b) Measuring Angles 


We see a real-world application of angles of various types in the different back 
postures of the bicycle riders illustrated below. 


Style of Biking Determines Cycling Posture 


Road Mountain Comfort 
About 180° flat About 45° About 90° 


Riders prefer a more Riders prefer a semi- Riders prefer an upright 

aerodynamic flat-back upright position to help position that lessens stress 

position. lift the front wheel over on the lower back and neck. 
obstacles. 


SOURCE: USA TODAY research 


An angle is a set of points consist- Ray BA 
ing of two rays, or half-lines, with a A 
common endpoint. The endpoint is 
called the vertex of the angle. The rays Ray BC 
are called the sides of the angle. B | 
C 
Vertex 
Answers 
The angle above can be named * 8 
7. e——_____e; Rand S 
angleABC, angleCBA, ZABC, ZCBA, or ZB. es = 
+ 2 >; 
ee . , ; : R S 
Note that the name of the vertex is either in the middle or, if no confusion re- 9. <—+ 23S 
: ; R Ss 
sults, listed by itself. 10. 
R S 


noendpoints 11. RS, SR, RT, TR, ST, TS, n 
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Name the angle in five different ways. 
12. 


D 
E 
F 
13. 
ae 
Q R 
KEY TERMS 


The terms introduced in this 
chapter are listed with page refer- 
ences at the beginning of the 
Summary and Review at the end 
of this chapter. As part of your 
review for a quiz or a chapter test, 
review this list. It is helpful to 
write out the definitions of the 
terms that are new to you. 


14. Use a protractor to measure 
this angle. 


Answers 


12. Angle DEF, angle FED, ZDEF, ZFED, or ZE 
13. Angle PQR, angle RQP, ZPQR, ZRQP, or ZQ 
14. 127° 
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Do Exercises 12 and 13. 


Measuring angles is similar to measuring segments. To measure angles, we 
start with some arbitrary angle and assign to it a measure of 1. We call it a unit 
angle. Suppose that 2U, shown below, is a unit angle. Let’s measure 2 DEF. 
If we made 3 copies of 2U, they would “fill up” 2 DEF. Thus the measure of 
Z DEF would be 3. 


The unit most commonly used for angle measure is the degree. Below is 
such a unit. Its measure is 1 degree, or 1°. 


A 1° angle: 


Here are some other angles with their degree measures. 


go° 


To indicate the measure of Z XYZ, we write m Z XYZ = 90°. The symbol 7] is 
sometimes drawn on a figure to indicate a 90° angle. 

A device called a protractor is used to measure angles. Protractors have 
two scales. To measure an angle like 2Q below, we place the protractor’s A at 
the vertex and line up one of the angle’s sides at 0°. Then we check where the 
angle’s other side crosses the scale. In the figure below, 0° is on the inside 
scale, so we check where the angle’s other side crosses the inside scale. We see 
that m ZQ = 145°. The notation m 2 Q is read “the measure of angle Q.” 


cou i 


9. A” 60° 73 
oS H° , GZ 


77, 
70 


Do Exercise 14. 


Let’s find the measure of Z ABC. This time we will use the 0° on the out- 
side scale. We see that m ZABC = 42°. 


cu 


80 
9 100 


a 
Coa 
o 
Qo * 
iS 


Do Exercise 15. 
‘c) Classifying Angles 


The following are ways in which we classify angles. 


TYPES OF ANGLES 


Right angle: An angle whose measure is 90°. 
Straight angle: An angle whose measure is 180°. 


Acute angle: An angle whose measure is greater than 0° and less 
than 90°. 


Obtuse angle: An angle whose measure is greater than 90° and less 
than 180°. 


A B C 
Right Straight 
Acute Obtuse 


Do Exercises 16-19. 


6.1 


15. Use a protractor to measure this 


feb} 
(=) 
ick 
/ | 


Classify each angle as right, straight, 
acute, or obtuse. Use a protractor if 
necessaty. 


16. 


17. 


18. 


19. 


{LEST 


Answers 


15. 33° 16. Right 17. Acute 
18. Obtuse 19. Straight 
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Determine whether the pair of lines 
is perpendicular. Use a protractor. 


20. 


Zales 


22. Which triangles at right are: 
a) equilateral? 
b) isosceles? 
c) scalene? 


23. Are all equilateral triangles 
isosceles? 


24. Are all isosceles triangles 
equilateral? 


25. Which triangles at right are: 
a) right triangles? 
b) obtuse triangles? 
c) acute triangles? 


Answers 


20. Not perpendicular 21. Perpendicular 
22. (a) AABC; (b) AABC, AMPN; (c) ADEF, 
AGHI, AJKL, AQRS 23. Yess 24. No 
25. (a) ADEF; (b) AGHI, AQRS; (c) AABC, 
AMPN, AJKL 
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d) Perpendicular Lines 


Two lines are perpendicular if they 
intersect to form a right angle. 

__, To say that AB is perpendicular to 
RS, we write AB | RS. If two lines 
intersect to form one right angle, they 
form four right angles. 


Do Exercises 20 and 21. 


e) Polygons 


The figures below are examples of polygons. 


A triangle is a polygon made up of three segments, or sides. Consider these 
triangles. The triangle with vertices A, B, and Ccan be named A ABC. 


Cc L 
D 4 F 
3 Z : 
8 8 
E 1 d 
A B 8 
8 6 Q J 5 - 
N Ca 
‘ 15 
8 
6 
P M R S 
8 11 


We can classify triangles according to sides and according to angles. 


TYPES OF TRIANGLES 


Equilateral triangle: All sides are the same length. 
Isosceles triangle: Two or more sides are the same length. 
Scalene triangle: All sides are of different lengths. 

Right triangle: One angle is a right angle. 

Obtuse triangle: One angle is an obtuse angle. 

Acute triangle: All three angles are acute. 


Do Exercises 22-25. 


We can further classify polygons as follows. 


NUMBER OF NUMBER OF 
SIDES POLYGON SIDES POLYGON 


Quadrilateral Octagon 


Pentagon Nonagon 
Hexagon Decagon 
Heptagon Dodecagon 


Do Exercises 26-31. 


.f) Sum of the Angle Measures of a Polygon 
The sum of the angle measures of a triangle is 180°. To see this, note that we 


can think of cutting apart a triangle as shown on the left below. If we reassem- 
ble the pieces, we see that a straight angle is formed. 


84° 


‘ 


a: 


64° + 32° + 84° = 180° 


SUM OF THE ANGLE MEASURES OF A TRIANGLE 


In any AABC, the sum of the measures of the angles is 180°: 


mZA+mZB+mZC = 180°. 


Do Exercise 32. 


If we know the measures of two angles of a triangle, we can calculate the 
measure of the third angle. 


EXAMPLE 1 Find the missing angle measure. 


x 
at 24° 


mZA+mZB+ mZC = 180° 
x + 65° + 24° = 180° 


x + 89° = 180° 
x = 180° — 89° 
x = 91° 


Thus, m ZA = 91°. 


6.1 


Classify the polygon by name. 
26. 


28. : 
: Gs 
2 
31. 7 
32. Find mZP+mZQ+ mZR. 

12 

\Y 

Answers 


26. Quadrilateral 27. Hexagon 
28. Triangle 29. Quadrilateral 
30. Dodecagon 31. Octagon 32. 180° 
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33. Find the missing angle measure. 


B 


A [\< 


34. Consider a five-sided figure: 


Complete. 


a) The figure can be divided into 

triangles. 

b) The sum of the angle 
measures of each triangle 
——— 

c) The sum of the angle 
measures of the polygon is 

B ISKOF, Cir —_____. 


35. What is the sum of the angle 
measures of an octagon? 


36. What is the sum of the angle 
measures of a 25-sided figure? 


Answers 


33. 64° 34. (a) 3; (b) 180°; (c) 3, 540° 
35. 1080° 36. 4140° 
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Do Exercise 33. 


Now let’s use this idea to find the sum of the measures of the angles ofa 
polygon of n sides. First let’s consider a four-sided figure: 


We can divide the figure into two triangles. The sum of the angle measures of 
each triangle is 180°. We have two triangles, so the sum of the angle measures 
of the figure is 2 - 180°, or 360°. 


Do Exercise 34. 


If a polygon has n sides, it can be divided into n — 2 triangles, each hav- 
ing 180° as the sum of its angle measures. Thus the sum of the angle measures 
of the polygon is (m — 2) - 180°. 


SUM OF ANGLE MEASURES 


If a polygon has n sides, then the sum of its angle measures is 
(n — 2)-180°. 


EXAMPLE 2 What is the sum of the angle measures of a hexagon? 
A hexagon has 6 sides. We use the formula (n — 2) - 180°: 
(n — 2) - 180° = (6 — 2) - 180° 
= 4- 180° 
= 720°. 


Do Exercises 35 and 36. 


‘ For Extra Help 
Exercise Set MyMathtab\y “te &. 


READ REVIEW 


@) 


1. Draw the segment whose endpoints are Gand H. Name 2. Draw the segment whose endpoints are C and D. Name 
the segment in two ways. the segment in two ways. 
e e e e 
G ioe Cc D 
3. Draw the ray with endpoint Q. Name the ray. 4. Draw the ray with endpoint D. Name the ray. 
e e e e 
Q D Q D 


Name the line in seven different ways. 


5. | <——e——__e—__» —_____ > 6. m<———_e——_______e»—_e*—___ > 
D E F J K Ee 


(b) Name each angle in five different ways. 


A 8. 
Te 2 


Usea protractor to measure each angle. 


. vm 7 \ 
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12. 13. 14. 


C3 
15.-22. Classify each of the angles in Exercises 7-14 as 23.-26. Classify each of the angles in Margin Exercises 12-15 
right, straight, acute, or obtuse. as right, straight, acute, or obtuse. 


> Determine whether the pair of lines is perpendicular. Use a protractor. 


27: 30. Ky 


ec. Classify the triangle as equilateral, isosceles, or scalene. Then classify it as right, obtuse, or acute. 


31. 32. 33. 8 34. 
8 8 
9 
7 i y 6 
10 
12 
. 5 
35. 36. 37. 38. 
/ a 
6 6 
14 
8 
12 13 


lee) 
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Classify the polygon by name. 


39. 40. 41. 


42. 


= 
— 


47. 


OO nS 


f Find the sum of the angle measures of each of the following. 
49. A decagon 50. A quadrilateral 51. Aheptagon 
52. Anonagon 53. A 14-sided polygon 54, A17-sided polygon 
55. A 20-sided polygon 56. A 32-sided polygon 
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Find the missing angle measure. 


57. B 58. E 59. R 60. 
92° 
29° 39° 
D F 
Ze Jae 
(/ 

Q S 

61. In ARST, m(ZS) = 58° and m( ZT) = 79°. Find m( ZR). 62. In AKNP, m(ZK) = 137° and m(ZP) = 12°. Find m(4N). 


Skill Maintenance 


Find the simple interest. [4.8a] 


PRINCIPAL RATE OF INTEREST TIME SIMPLE INTEREST 


63. $2000 8% 1 year 
64. $750 6% 5 year 
65. $4000 7.4% 5 year 
66. | $200,000 6.7% ib year 
) 


Interest is compounded semiannually. Find the amount in the account after the given length of time. Round to the 
nearest cent. [4.8b] 


PRINCIPAL RATE OF INTEREST TIME AMOUNT IN THE ACCOUNT 


Zo $25,000 6% 5 years 
68. | $150,000 65% 15 years 
69. $150,000 7.4% 20 years 
70. $160,000 7.4% 20 years 
af 
Synthesis 
71. Find m ZACB, m ZCAB, m ZEBC, m ZEBA, m ZAEB, 72. G& In the figure, m2Z2 = 42.17°andmZ3 = 81.9°. Find 
and m ZADB in the rectangle shown below. mZ1,m Z4,mZ5, and m 46. 
A 
100° 
D = Cc 
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(a) Finding Perimeters 


PERIMETER OF A POLYGON 


A polygon is a closed geometric figure with three or more sides. The 


perimeter of a polygon is the distance around it, or the sum of the 
lengths of its sides. 


! EXAMPLE 1 Find the perimeter of this polygon. 


6m 
We add the lengths of the sides. Since all units are the same, we add the 
numbers, keeping meters (m) as the unit. 


Perimeter = 6mM+5m+4m+5m+9m 
=(6+5+4+5+9)m 
= 29m ) 


(Do Margin Exercises 1 and 2. 


A rectangle is a polygon with four sides and four 90° angles, like the one 
shown in Example 2. 


| EXAMPLE 2 Find the perimeter of a rectangle that is 3 cm by 4 cm. The 
symbol ‘| in the corner indicates 90°. 


4cm 


7 | 


=i. — 


Perimeter = 3cm + 4cm+ 3cm+4cm 
(3+4+3+4)cm 
14cm ) 


Do Exercise 3. 


ll 


ll 


SKILL TO REVIEW 
Objective 2.4d: Multiply using 
mixed numerals. 


Multiply. 


1 
1.2) 8 
3 


2 
2. 4 X 6= 
5 


Find the perimeter of each polygon. 
1. 


SO it, 


3. Find the perimeter of a rectangle 
that is 2 cm by 4 cm. 


——<———4A00: $< 


Answers 


Skill to Review: 


50 2 128 3 
1. 37 OF 163 23 5 Or 255 


Margin Exercises: 
1.26cm 2. 46in. 3. 12cm 
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PERIMETER OF A RECTANGLE 


The perimeter of a rectangle is twice the sum of the length and the 
width, or 2 times the length plus 2 times the width: 


P=2-(l+w), or P=2+1+2-w. l 


of fe 


l 


_ EXAMPLE 3 Find the perimeter of a rectangle that is 7.8 ft by 4.3 ft. 


P=2-(1+w) 
= 2-(7.8ft + 4.3 ft) 
4. Find the perimeter of a rectangle ee 
that is 5.25 yd by 3.5 yd. 2 + (12.1 ft) 
= 24.2 ft 


5. Find the perimeter of a rectangle 


that is 8} in. by 5¢in. Do Exercises 4 and 5. } 
A square is a rectangle with all sides the same length. 


i 


_ EXAMPLE 4 Find the perimeter of a square whose sides are 9 mm long. 


6. Find the perimeter of a square 


with sides of length 10 km. 
<— 9 mm— > 
| P=9mm+9mm+ Imm+ Imm 
10km =(9+9+9+9)mm 
| = 36mm 
(i Do Exercise 6. J 
PERIMETER OF A SQUARE 
The perimeter of a square is four times the length of a side: 
P=A4-rs. s 
Ss 
Answers 


5 
4.17.5yd 5. 27; in. 6. 40 km 
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| EXAMPLE 5 Find the perimeter of a square whose sides are 203 in. long. 


T 
205 in. 


<— 20} in. —> 


P= 4-5= 4-200 in. 


161. 4-161, 
=4- in. = in. 
8 4-2 
7. Find the perimeter of a square 
eae cunts ) with sides of length 54 yd. 
4 2 2 


8. Find the perimeter of a square 


| Do Exercises 7 and 8. with sides of length 7.8 km. 
(b) Solving Applied Problems 


| EXAMPLE 6 Jaci is adding crown molding to the top edge of each wall in 
her rectangular dining room, which measures 14 ft by 12 ft. How many feet of 
trim will be needed? If the crown molding sells for $2.25 per foot, what will the 
trim cost? 


1. Familiarize. We make a drawing and let P = the perimeter. 


2. Translate. The perimeter of the room is given by 
P=2-(1+w) =2-(14ft + 12ft). 
3. Solve. We calculate the perimeter as follows: 
P=2-(14ft + 12ft) = 2- (26 ft) = 52 ft. 9. A fence is to be built around a 


vegetable garden that measures 


Then we multiply by $2.25 to find the cost of the crown molding: 90 ft by 15 ft. How many fect of 


Cost = $2.25 X Perimeter = $2.25 X 52 ft = $117. fence will be needed? If fencing 
: sells for $2.95 per foot, what will 
4. Check. The check is left to the student. the fencing cost? 
5. State. The 52 ft of crown molding that is needed will cost $117. ) 
| Do Exercise 9. 
Answers 


7. 2lyd = 8. 31.2km __ 9. 70 ft; $206.50 
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1. 


0.5 in. 


3.4km 


Find the perimeter of each rectangle. 
7. 5 ft by 10 ft 


al 1 
. 3—ydby4—yd 
9. 35 ydby47y 


Find the perimeter of each square. 
11. 22 ftonaside 


13. 45.5 mm on aside 


(b) Solve. 


15. Most billiard tables are twice as long as they are wide. 
What is the perimeter of a billiard table that measures 
4.5 ft by 9 ft? 
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For Extra Help 


MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW 


vary (HG = 


1.2 yd 
3 yd 
4. 46 in. 


18 in. 


19 in. 


Each side 
24 ft 


8. 2.5m by 100m 


10. 34.67 cm by 4.9 cm 


12. 56.9 km ona side 


1 
14. 3a yd ona side 


16. A security fence is to be built around a 173-m by 240-m 
rectangular lot. What is the perimeter of the lot? If 5-ft-high 
galvanized fence wire costs $7.29 per meter, what will the 
fencing cost? 


~ 


¥ cows RuCTION ” 


KARE >< 
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17. A piece of flooring tile is a square with sides of length 
30.5 cm. What is the perimeter of a piece of tile? 


19. A rectangular glass backboard for a basketball goal 
measures 2 ft 8 in. by 4 ft 6 in. What is the perimeter of 
the backboard? (Hint: Convert 2 ft 8 in. to 32 in. and 
4 ft 6 in. to 54 in.) 


21. Arain gutter is to be installed around the office building 
shown in the figure. 


a) Find the perimeter of the office building. 
b) Ifthe gutter costs $4.59 per foot, what is the total cost 
of the gutter? 


<——— 46 ft ——>| 


x 


68 ft 


|K 


Bes. 


Gutter 


K<— 28 ft > 


Skill Maintenance 


23. Find the simple interest on $600 at 6.4% for 5 year. [4.8a] 
Evaluate. [1.6b] 


25. 10° 26. 118 
28. 222 29. 72 
Solve. 


31. Sales Tax. Inacertain state, a sales tax of $878 is 
collected on the purchase of a car for $17,560. What 
is the sales tax rate? [4.7a] 


Synthesis 


33. Ifit takes 18 in. to make the bow, how much ribbon is 
needed for the entire package shown here? 


18. A rectangular posterboard is 61.8 cm by 87.9 cm. What 
is the perimeter of the board? 


20. A standard license plate measures 12 in. by 6 in. What 
is the perimeter of the license plate? 


22. A carpenter is to build a fence around a 9-m by 12-m 

garden. 

a) The posts are 3 m apart. How many posts will be 
needed? 

b) The posts cost $8.65 each. How much will the posts 
cost? 

c) The fence will surround all but 3 m of the garden, 
which will be a gate. How long will the fence be? 

d) The fence costs $3.85 per meter. What will the cost of 
the fence be? 

e) The gate costs $69.95. What is the total cost of the 
materials? 


24. Find the simple interest on $600 at 8% for 2 years. [4.8a] 


27. 152 
30. 4° 


32. Commission Rate. Rich earns $1854.60 selling $16,860 
worth of cell phones. What is the commission rate? 
[4.7b] 


34. Find the perimeter, in feet, of the figure. 


5.5 yd 
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SKILL TO REVIEW 
Objective 3.5c: Calculate using 
fraction notation and decimal 
notation together. 


Calculate. 


1. , x 16.243 a 


1. What is the area of this region? 
Count the number of square 
centimeters. 


atone i 
| 
4cm 


2. Find the area of a rectangle that 
is 7 km by 8 km. 


3. Find the area of a rectangle that 
is 53 yd by 33 yd. 


Answers 
Skill to Review: 


2. 0.1875, or = 


1,.8.121 
? 16 


Margin Exercises: 


1. 8cm2 2. 56km? 3. 1yd? 
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(a) Rectangles and Squares 


A polygon and its interior form a plane region. We can find the area of a 
rectangular region, or rectangle, by filling it in with square units. Two such 
units, a square inch and a square centimeter, are shown below. 


Square 
centimeter 
lcm 


Square 
inch 


<< 1 in.— > 


EXAMPLE 1. Whatis the area of this region? 


We have a rectangular array. 
Since the region is filled with 
12 square centimeters, its area 
is 12 square centimeters (sq cm), 
or 12 cm2. The number of units is 
3 X 4,or12. 


Do Margin Exercise 1. ] 


AREA OF A RECTANGLE 


The area of a rectangle is the product of the length / and the width w: 


A=Il-w. 


! EXAMPLE 2 Find the area ofa rectangle that is 7 yd by 4 yd. 


We have 
A=I1-w=7yd:4yd 
=7-4-yd-yd = 28yd2. 


We think of yd - yd as (yd)? and denote it yd*. Thus we read “28 yd?” as 
“28 square yards.” 


Do Exercises 2 and 3. } 


| EXAMPLE 3 Find the area of a square with 


Sides otlenet Tan, 4. Find the area of a square with 


A = (9mm) - (9mm) sides of length 12 km. 
=9-9-mm:-mm 
2 


81 mm 


<— 9 mm—> 


Do Exercise 4. 


AREA OF A SQUARE 


The area of a square is the square of the length of a side: 


A=s-s, or A=S?". 


_— 


EXAMPLE 4 Find the area of a square with sides of length 20.3 m. 


5. Find the area of a square with 
= = = = 2 
A=s:s= 203m X 20.3m = 20.3 X 20.3 X m X m = 412.09m sides of length 10.9 m. 


) 
6. Find the area of a square with 


| Do Exercises 5 and 6. sides of length 35 yd. 
(b) Finding Other Areas 


Parallelograms 


A parallelogram is a four-sided figure with two pairs of parallel sides, as 
shown below. 


STUDY TIPS 


STUDYING THE 
DRAWINGS 

When you study a section ofa 

mathematics text, read it slowly, 

observing all the details of the 
corresponding drawings that are 
discussed in the paragraphs. This 
tip applies especially to this chap- 
ter because geometry, by its 
nature, is quite visual. 


To find the area of a parallelogram, consider the one below. 


If we cut off a piece and move it to the other end, we get a rectangle. 


| b | | i >| 


We can find the area by multiplying the length b, called a base, by h, called the l 
height 4.144km? 5. 118.81m? 6. 127zyd? 


Answers 


6.3 Area 407 


AREA OF A PARALLELOGRAM 


The area of a parallelogram is the product of the length of the base b 
and the height h: 


b 


' EXAMPLE 5 Find the area of this parallelogram. 


A=b-h 
= 7km-5km 
= 35 km? 
kk 7km >| 


| EXAMPLE 6 Find the area of this parallelogram. 


| 

A=b-h ! 

7.3. cm = 12m x 6m 

= 72m" | 

8. 
& J 


YAH 


2m 


Find the area. 


ae] 
= 


a 


Do Exercises 7 and 8. 


Triangles 

A triangle is a polygon with three sides. To find the area of a triangle like the 
one shown on the left below, think of cutting out another just like it and plac- 
ing it as shown on the right below. 


The resulting figure is a parallelogram whose area is 
b-h. 


The triangle we began with has half the area of the parallelogram, or 


2 
AREA OF A TRIANGLE 


The area ofa triangle is half the length of the base times the height: 


| 
1 


Answers b 
7. 43.8cm2 8. 12.375 km? RQ Sj 


408 CHAPTER 6 Geometry 


| EXAMPLE 7 Find the area of this triangle. 


1 
A==-b-h 
2 
1 
= a X 6.25cm X 5.5cm 
= 0.5 X 6.25 X 5.5cm? 
= 17.1875 cm2 
| Do Exercises 9 and 10. 
Trapezoids 


A trapezoid is a polygon with four sides, two of which, the bases, are parallel 
to each other. 


To find the area of a trapezoid, think of cutting out another just like it. 


a 


Then place the second one like this. 


i 


in 
a 


The resulting figure is a parallelogram whose area is 
h-(a+b). The base is a + b. 


The trapezoid we began with has half the area of the parallelogram, or 


1 
are): 


Find the area. 
9. 


Answers 
9. 96m2 10. 18.7 cm? 
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AREA OF A TRAPEZOID 


The area of a trapezoid is half the product of the height and the sum of 
the lengths of the parallel sides (bases): 


at+b a 


; 1 
Find the area. A=-—-h-(a+b), or A= oh. 
11. 7m z é 


) EXAMPLE 9 Find the area of this trapezoid. 


1 Pe — 
A= Zh: (at b) 
1 
= 5° 7em: (12 + 18)cm 
7°30 5 7:15:24 ‘fee 
—— em’ = — em 
27:15 
2 1 
= 105 cm? ) 


10cm Do Exercises 11 and 12. 
(c) Solving Applied Problems 


| EXAMPLE 10 Mosquito Netting. Malaria is the leading cause of death 
among children in Africa. Bed nets prevent malaria transmission by creating a 
protective barrier against mosquitoes at night. In November 2006, the United 
Nations Foundation, the United Methodist Church, and the National Basket- 
ball Association launched the Nothing But Nets campaign to distribute mos- 
quito netting in Africa. Two years later, 2,194,124 insecticide-treated bed nets 
had been sent to seven African countries. A medium-sized net measures ap- 
proximately 9.843 ft by 8.2025 ft. A large-sized net measures approximately 
13.124 ft by 8.2025 ft. Find the area of each net. How much larger is the area of 
the large net than that of the medium net? 
Source: www.nothingbutnets.net 


We find the area of each net using the area formula A = /- w and substi- 
tuting values for / and w: 


A=1xXw A=1xXw 
A © 9.843 ft X 8.2025 ft Aw 13.124 ft X 8.2025 ft 
A & 80.74 ft; A ®& 107.65 ft2. 


The area of the medium bed net is about 80.74 ft; the area of the large bed 
net is about 107.65 ft”. The large net is approximately 107.65 — 80.74, or 
26.91 ft, larger than the medium net. ) 


Answers 
11. 100m? ~=—-12. 88cm? 
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{ EXAMPLE 11 Lucas Oil Stadium. The retractable roof of Lucas Oil Sta- 
dium, the home of the Indianapolis Colts football team, divides lengthwise. 
Each half measures 600 ft by 160 ft. The roof opens and closes in approxi- 
mately 9-11 min. The opening measures 293 ft across. What is the total area 
of the rectangular roof? What is the area of the opening? 

Source: HKS Sports and Entertainment 


Each half of the retractable roof is a rectangle that measures 600 ft by 
160 ft. The area of a rectangle is length times width, so we have 


A=lI-w 
= 600 ft x 160 ft 
= 96,000 ft?. 13. Find the area of this kite. 
The total area of the two halves of the retractable roof is Resear 
Total area = 2 X 96,000 ft? 


= 192,000 ft2. 


When the retractable roof is open, the dimensions of the opening are 600 ft 
by 293 ft. The area of this rectangle is 


A=I1-w 
= 600 ft x 293 ft 
= 175,800 ft”. 
When the roof is open, the opening is 175,800 ft?. ) 


Do Exercise 13. 


Answer 
13. 228 in? 


6.3 Area 411 


(a) Find the area. 


1. 


Find the area of each rectangle. 
9. 5 ft by 10 ft 


12. 2.45 km by 100 km 


Find the area of the square. 
15. 22 ft on aside 


18. 45.5 m on aside 
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1.5 ft 


10. 14 yd by 8 yd 


13. 45 in. by 82 in. 


16. 18 yd ona side 


3 
19. 55 yd ona side 


11. 


14. 10 


17 


20. 


34.67 cm by 4.9 cm 


’ 


2 
3 mi by 203 mi 


. 56.9 km on a side 


2 
A 7, ftonaside 
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(b) Find the area. 


lk 


8cm >| 


<—4em—| 15in. 


20 ft 
27. 4.5 in. 28. 3.4km . 
4km 
e23 cm>| 
31. 9cm 32. 
“K 
124 ft 
le 24cm | 
_v 


|-_4m—+| 
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(c) Solve. 


35. Area ofaLawn. Alotis 40m by 36m. A house 27 m 


37. 


39. 


41. 


by 9 m is built on the lot. How much area is left over 
for a lawn? 


Mowing Expense. A square basketball court 19} ft ona 
side is placed on an 80-ft by 110 5-ft lawn. 


a) Find the area of the lawn. 
b) It costs $0.012 per square foot to have the lawn mowed. 
What is the total cost of the mowing? 


Area of a Sidewalk. Franklin Construction Company 
builds a sidewalk around two sides of a new library, as 
shown in the figure. What is the area of the sidewalk? 


Painting Costs. Aroom is 15 ft by 20 ft. The ceiling is 
8 ft above the floor. There are two windows in the room, 
each 3 ft by 4 ft. The door is 25 ft by 63 ft. 

a) What is the total area of the walls and the ceiling? 

b) A gallon of paint will cover 360.625 ft. How many 
gallons of paint are needed for the room, including 
the ceiling? 

c) Paint costs $24.95 a gallon. How much will it cost to 
paint the room? 
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36. Area ofa Field. A field is 240.8 m by 450.2 m. A rectan- 


gular area that measures 160.4 m by 90.6 m is paved for 
a parking lot. How much area is unpaved? 


. Mowing Expense. A square flower bed 10.5 ft on a side 


is dug on a 90-ft by 674-ft lawn. 


a) Find the area of the lawn. 
b) It costs $0.03 per square foot to have the lawn mowed. 
What is the total cost of the mowing? 


. Margin Area. A standard sheet of typewriter paper is 


85 in. by 11 in. For a quarterly report, Don types ona 
7-in. by 9-in. area of the paper. What is the area of the 
margins? 


42. Carpeting Costs. Arestaurant owner wants to carpet a 


15-yd by 20-yd room. 

a) How many square yards of carpeting are needed? 

b) The carpeting she wants is $18.50 per square yard. 
How much will it cost to carpet the room? 
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Find the area of the shaded region in each figure. 
43. 


Each side 4 cm 


30 cm 


Ik 


30cm 


47. Each small triangle has a 
height and a base of 1 cm 


49. Triangular Sail. Jane’s Custom Sails is making a 
custom sail for a laser sailboat. From a rectangular piece 
of dacron sailcloth that measures 18 ft by 12 ft, she cuts 
out a right triangular area plus a rectangular extension 
on each side for the hems, with the dimensions shown at 
right. How much fabric (area) is left over? 


46. 3in. 3in. 2in. 


| 12 in. | 


I< _—— 12 ft ———> 


6.3 


Area 


415 


50. Building Area. Find the total area of the sides and the 
ends of the building shown at right. 


Skill Maintenance 


In each of Exercises 51-58, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


51. Anumber is divisible by 8 if the number named by the last prime 
digits of the given number is divisible by 8. composite 
[1.8a] 
two 
: : : , ; three 
52. A parallelogram is a four-sided figure with two pairs of 
sides. [6.3b] dollars 
cents 
53. Two lines are if they intersect to form a right perimeter 
angle. [6.1d] parallel 
perpendicular 
54. A natural number, other than 1, that is not is aides 
composite. [1.7c| 
multiplicative 
55. A(n) is a set of points consisting of two rays with paste ; 
acommonendpoint. [6.1b] perpendicular 
vertex 
56. To convert from to , move the angle 
decimal point two places to the left and change the ¢ sign at the area 
end to the $ signin front. [3.3b] 
57. The of a polygon is the sum of the lengths of 
its sides. [6.2a] 
58. The number 1| is known as the identity, and the 
number 0 is known as the identity. [1.3a], [1.2a] 
Synthesis 
59. Find the area, in square inches, of the shaded region. 60. Find the area, in square feet, of the shaded region. 
11 in. a x 
2 ft, 2 in. 
11 ft 
10 in. “ Vv 


< 12.5 ft > 
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(a) Radius and Diameter 


Shown below is a circle with center O. Segment AC is a diameter. A diameter 
is a segment that passes through the center of the circle and has endpoints on 
the circle. Segment OB is called a radius. A radius is a segment with one end- 
point on the center and the other endpoint on the circle. 


DIAMETER AND RADIUS 


Suppose that d is the length of the diameter of a circle and ris the 
length of the radius. Then 


d 
d=2-+r and = S 


) EXAMPLE 1 Find the length ofa radius of this circle. 


4 

2; 

12m 

a Ss 
=6m 


The radius is 6 m. ) 


| EXAMPLE 2 Find the length of a diameter of this circle. 


d=2-r 
i 
= “alt 
1 
=7f 
5 t 
The diameter is 5 ft. ) 


| Do Margin Exercises 1 and 2. 


SKILL TO REVIEW 

Objective 2.1c: Multiply a fraction 
by a whole number. 

Multiply. 


3 
19x — 
8 


1. Find the length of a radius. 


_—_— 


2. Find the length of a diameter. 


Answers 
See p. 418. 
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3. Find the circumference of this 
circle. Use 3.14 for 77. 


Answers 


Skill to Review: 


Margin Exercises: 


1,9" 


2. 5ft 3. 62.8m 


418 


CHAPTER 6 


Geometry 


‘b) Circumference 


The circumference of a circle is the distance around it. Calculating circum- 
ference is similar to finding the perimeter of a polygon. 

To find a formula for the circumference of any circle given its diameter, 
we first need to consider the ratio C/d. Take a dinner plate and measure the 
circumference C with a tape measure. Also measure the diameter d. The re- 
sults for a specific plate are shown in the figure below. 


KX. d= 10.75 in. —————__}| 


Then we have 


C _ 33.7in. aa 
d= 10.75in. 

Suppose we do this with plates and circles of several sizes. We get differ- 
ent values for C and d, but always a number close to 3.1 for C/d. For any cir- 
cle, if we divide the circumference C by the diameter d, we get the same 
number. We call this number 7 (pi). The exact value of the ratio C/d is 77; 3.14 
and 22/7 are approximations of 7. If C/d = a, then C = a - d. 


CIRCUMFERENCE AND DIAMETER 


The circumference C of a circle of diameter d is given by 


C=a7-d. 


22 
The number 7 is about 3.14, or about rz 


EXAMPLE 3 Find the circumference of this circle. Use 3.14 for 7r. 
C=7-d 
18.84 cm \ 


The circumference is about 18.84 cm. 


Do Exercise 3. 


2 


Since d = 2 - r, where ris the length ofa radius, it follows that 


C=a7-d=7:(2-r),or2-7-1r. 


CIRCUMFERENCE AND RADIUS 


The circumference C of a circle of radius ris given by 


C=2-aer. 


EXAMPLE 4 Find the circumference of this circle. Use for 77. 


C=2:7-r 
22 
=~ 2-—- 70in. 
7 
= Pata ie 
7 


= 44- 10in. 
= 440 in. 


The circumference is about 440 in. 


EXAMPLE 5 Find the perimeter of this figure. Use 3.14 for 77. 


= 9.4 seve 


We let P = the perimeter. We see that we have half a circle attached to a 
square. Thus we add half the circumference of the circle to the lengths of the 
three sides of the square. 


] 


Half of the 
+ circumference 
of the circle 


Length of 
P = three sides 
of the square 


1 
= 3x 94km + > x 2x @ x 4.7km 


= 28.2km + 3.14 X 4.7km 
= 28.2km + 14.758km 
= 42.958 km 


The perimeter is about 42.958 km. 


Do Exercises 4 and 5. 


Calculator Corner 


The |zz7|Key Many 

calculators have a| 7 |key that can 
be used to enter the value of a ina 
computation. It might be necessary to 
press a| 2nd | or [SHIFT | key before 
pressing the| 7 |key on some calculators. 
Since 3.14 is a rounded value for 77, 
results obtained using the | z |key might 
be slightly different from those obtained 
when 3.14 is used for the value of a ina 
computation. 

To find the circumference of the cir- 
cle in Example 3, we press | 2nd lz a | [Xx 
6 | [=]or[sHiFt |[~] [x] [6] [= 
The result is approximately 18.85. Note 
that this is slightly different from the 
result found using 3.14 for the value of zr. 


Exercises: 


1. Use a calculator with a [7 |key 
to perform the computations 
in Examples 4 and 5. 

2. Use a calculator with a[7| key 
to perform the computations 
in Margin Exercises 3-5. 


4. Find the circumference of this 
circle. Use # for 77. 


5. Find the perimeter of this figure. 


Use 3.14 for 77. 


Answers 
4.88m 5. 34.296 yd 
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STUDY TIPS 


BEGINNING TO STUDY FOR 
THE FINAL EXAM 


It is never too soon to begin to 
study for the final examination. 
Take a few minutes each week to 
review the highlighted information, 
such as formulas, properties, and 
procedures. Make special use of the 
Mid-Chapter Reviews, Summary 
and Reviews, and Chapter Tests. 


6. Find the area of this circle. Use 
2 for 77. 


Answer 


4 
6. 7B km? 
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(c) Area 


Below is a circle of radius r. 


Think of cutting half the circular region into small pieces and arranging them 


as shown below. 
AA ; 
~ TT 


Then imagine cutting the other half of the circular region and arranging the 
pieces in with the others as shown below. 


AAA 
wr 
This is almost a parallelogram. The base has length 5 -2:a-7r,or7-r (half 
the circumference), and the height is r. Thus the area is 
(wer) -r. 


This is the area of a circle. 


AREA OF A CIRCLE 


| The area of a circle with radius of length ris given by 
A=aerr, or A=a7er?. GS 
| 


EXAMPLE 6 Find the area of this circle. Use “ for 77. 


A=T7:-r-r 


22 
7 14cm: 14cm 


2 


ll 


= 196 cm? 
7 
= 616 cm? 


The area is about 616 cm2. i 


Do Exercise 6. 


' EXAMPLE 7 Find the area of this circle. Use 3.14 for 7. Round to the near- 


est hundredth. 


The diameter is 4.2 m; the radius is 4.2m + 2, or 2.1m. 


A=T7:-r-r 


~ 3.14 X 2.1m X 2.1m 


= 3.14 X 4.41 m2 
= 13.8474 m2 
13.85 m2 


2 


The area is about 13.85 m2. 


Caution! 


Remember that circumference is always measured in linear units like ft, m, 
cm, yd, and so on. But area is measured in square units like ft”, m2, cm2, yd2, 


and so on. 


(d) Solving Applied Problems 


) EXAMPLE 8 Area of Pizza Pans. 


Do Exercise 7. 


How much larger is a pizza made ina 


16-in.-square pizza pan than a pizza made in a 16-in.-diameter circular pan? 


First, we make a drawing of each. 


16 in. 


16 in. 


Then we compute areas. 


The area of the square is 


A=s's 


= 16in. X 16in. = 256 in?. 


The diameter of the circle is 16 in., so the radius is 16 in./2, or 8 in. The area of 


the circle is 


A=T7-r-r 


= 3.14 X 8in. X Bin. = 200.96 in2. 


The square pizza is larger by about 


256 in? — 200.96 in2, 


or 55.04 in2. 


) 
Do Exercise 8. 


7. Find the area of this circle. Use 
3.14 for 7. Round to the nearest 
hundredth. 


8. Which is larger and by how 
much: a 10-ft-square flower bed 
or a 12-ft-diameter flower bed? 


Answers 


7. 339.62cm2 8. 12-ft-diameter flower bed, 
by about 13.04 ft? 
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For Extra Help 


6.4 


=o — se 


WATCH DOWNLOAD READ REVIEW 


8 


Exercise Set MyMathLab |) "20 


; (b), (c) For each circle, find the length of a diameter, the circumference, and the area. Use 2 for 7r. 


| ¢ | (7) | _ 
For each circle, find the length of a radius, the circumference, and the area. Use 3.14 for 77. 


| = | | 
(d) Solve. Use 3.14 for 77. 


{4 
os 


9. Treated Mosquito Net. The Adventure II treated mos- 10. Gypsy-Moth Tape. To protect a tree in your backyard, 
quito net is perfect for the rural or tropic traveler. This you need to attach gypsy moth caterpillar tape around 
net is circular with a radius of 6.37 ft. What is its diame- the trunk. The tree has a 1.1-ft diameter. What length of 
ter? its circumference? its area? Compare its area to that tape is needed? 


of the rectangular nets described in Example 10 of 
Section 6.3. How much larger is this net? 
Source: www.travelhealthhelp.com/nets1.htm| 


11. Area of Pizza Pans. How much larger is a pizza made 12. Penny. Apenny has a 1-cm radius. What is its 
in a 12-in.-square pizza pan than a pizza made ina diameter? its circumference? its area? 


12-in.-diameter circular pan? 
lcm 
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13. Earth. The diameter of the earth at the equator is 
7926.41 mi. What is the circumference of the earth at 
the equator? 


15. Circumference of a Baseball Bat. In Major League 
Baseball, the diameter of the barrel of a bat cannot be 
more than 2} in., and the diameter of the bat handle 
can be no thinner than jf in. Find the maximum 
circumference of the barrel of a bat and the minimum 
circumference of the bat handle. Use “ for 77. 

Source: Major League Baseball 


Minimum diameter 
of bat handle: i in. 


Maximum diameter 
of barrel of bat: 23 in. 


17. Swimming-Pool Walk. You want to install a 1-yd-wide 
walk around a circular swimming pool. The diameter of 


the pool is 20 yd. What is the area of the walk? 


14. Dimensions of a Quarter. The circumference ofa 
quarter is 7.85 cm. What is the diameter? the radius? 
the area? 


16. Trampoline. The standard backyard trampoline has a 
diameter of 14 ft. What is its area? 


Source: International Trampoline Industry Association, Inc. 


aj 
iT 


vi 
teeers ss 


mihi 


ppzeeeeeeey a 


ISTTTNTnEE 


18. Roller-Rink Floor. A roller-rink floor is shown below. 
Each end is a semicircle. What is its area? If hardwood 
flooring costs $32.50 per square meter, how much will 
the flooring cost? 


K 


20. 
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23. 7 24. 


12.8 cm 


= al 


Find the area of the shaded region in each figure. Use 3.14 for 77. 


25. 26. <q <— 2.8cm 
9 8cm 


28. 
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Skill Maintenance 


Evaluate. [1.6b] Convert to percent notation. [4.3a] 
3 2 
i, 2* 217 ae 34, = 
3 32. 17 33 3 3 
35. The weight of a human brain is 2.5% of total body 36. Jack’s commission is increased according to how much 
weight. A person weighs 200 lb. What does the brain he sells. He receives a commission of 6% for the first 
weigh? [4.6a] $3000 and 10% on the amount over $3000. What is the 


total commission on sales of $85002  [4.7b] 


Synthesis 


Comparing Perimeters and Fencing Costs. An acre is a unit of area that is defined to be 43,560 ft?. A farmer needs to fence an 
acre of land. She is using 32-in. fencing that costs $149.99 for a 330-ft roll. Complete the following table for Exercises 37-41 and 
then use the data to answer Exercise 42. Use 3.14 for 77. 


PERIMETER COST OF 
FIGURE AREA OR CIRCUMFERENCE FENCING 


580.8 ft 

38. 
100 ft 

435.6 ft 
39. 
40. 

208.71 ft 
208.71 ft 

Al. 


180 ft 


242 ft 


42. Which dimensions of the acre yield the fence with (a) the shortest perimeter? (b) the least area? (c) the lowest cost and the largest 
area? 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. The area of a parallelogram with base 8 cm and height 5 cm is the same as the area of a rectangle 
with length 8cm and width5cm. [6.3a] 


2. The area of a square that is 4 in. on a side is less than the area of a circle whose radius is 4 in. 
[6.3a], [6.4c] 


3. The perimeter of a rectangle that is 6 ft by 3 ft is greater than the circumference of a circle whose 
radius is3ft. [6.2a], [6.4b] 


4. The exact value of the ratio C/dis 7. [6.4b] 


Guided Solutions 


Fill in each blank with the number that creates a correct solution. 


5. Find the area. [6.3b] 6. Find the circumference and the area. Use 3.14 for 7. [6.4b, c] 
Ik 
A= a b-h 
1 
A= a. cms |__|em! 
A= ; call 
Sic = 7 C=7:-d 
A= cm—,or| |cm a Q 
~ in. 
= |_Jin. 
Mixed Review 
7. Find the sum of the angle measures ofa 19-sided polygon. [6.1f] 
8. Find the missing angle measure. [6.1f] 9. Classify the polygon by name. [6.1e] 


138° a: 


ae each triangle as equilateral, isosceles, or scalene. Then classify it as right, ae oracute. [6.le] 
11. 31 
ro 20 ily 17 
16 
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13. Find the perimeter. [6.2a] 14. Find the perimeter and the area. 15. Find the area. [6.3b] 


[6.2a], [6.3a] 
23mm 
8mm 
15mm 122 ft 
7mm 40 in. 
13 mm 
Find the area. [6.3b] Find the circumference and the area. Use 3.14 for 7. [6.4b, c] 


17. 9km 18. e) 19. & 
13km 


20. Matching. Match each item in the first column with the appropriate item in the second column by drawing connecting 
lines. Some expressions in the second column might be used more than once. Some expressions might not be used. 
[6.2a], [6.3a, b], [6.4b, c] 


kK 3 ya 


Area of a circle with radius 4 ft 24 ft 
Area of a square with side 4 ft 16 ft 
Circumference of a circle with radius 4 ft 16 - 7 ft? 
Area of a rectangle with length 8 ft and width 4 ft 8- aft? 
Area of a triangle with base 4 ft and height 8 ft 32 ft? 
Perimeter of a square with side 4 ft 4-q7ft 
Perimeter of a rectangle with length 8 ft and width 4 ft Bi art 

64 ft 

16 ft? 


Understanding Through Discussion and Writing 


21. Explain why a 16-in.-diameter pizza that costs $16.25 is 22. The length and the width of one rectangle are each three 
a better buy than a 10-in.-diameter pizza that costs times the length and the width of another rectangle. Is 
$7.85. [6.4d] the area of the first rectangle three times the area of the 

other rectangle? Why or why not? = [6.3a] 

23. The length of a side of a square is 5 the length of a side of 24. Create for a fellow student a development of the formula 
another square. Is the perimeter of the first square 3 the P=2-(l+w)=2-1+2-w 


i f h 2 2 (6. 
perimeter of the other square? Why or why not? = [6.2a] forthe penmeterotareciangle, ie 2ol 


25. Explain how the area of a triangle can be found by con- 26. The radius of one circle is twice the length of another 
sidering the area ofa parallelogram. [6.3b] circle’s radius. Is the area of the first circle twice the area 
of the other circle? Why or why not? = [6.4c] 


Mid-Chapter Review: Chapter 6 427 
|| 


SKILL TO REVIEW 


Objective 6.4c: Find the area of a 
circle given the length of a diame- 


ter or a radius. 


1. Find the area of a circle whose 
radius is 21 in. Use # for zr. 


2. Find the area of a circle whose 


diameter is 24 ft. Use for 77. 


1. Find the volume. 


Answers 
Skill to Review: 


4 
1. 1386in2 2. 655 ft, or 6.16 ft? 


Margin Exercise: 
1. 12cm? 
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CHAPTER 6 Geometry 


(a) Rectangular Solids 


The volume of a rectangular solid is the number of unit cubes needed to fill it. 


ome SS ly 


Volume = 18 
cube 


Two other units are shown below. 
1 cubic 
inch (in*) 


1 cubic 
centimeter (cm?) 


lin. 


' EXAMPLE 1 Find the volume. 


2cn 
3cm 
4cm 


The figure is made up of 2 layers of 12 cubes each, so its volume is 24 cubic 
centimeters (cm?), 


Do Margin Exercise 1. 


VOLUME OF A RECTANGULAR SOLID 


The volume of a rectangular solid is found by multiplying length by 
width by height: 


V=I-weh. 


' EXAMPLE 2. Volume ofa Safe. For office security, William purchases a 


safe whose dimensions are 29 in. X 25in. X 53 in. Find the volume of this rec- 2. Carry-on Luggage. The largest 


piece of luggage that you can 


tangular solid. : 
carry on an airplane measures 
V=l-w-h 23 in. by 10 in. by 13 in. Find the 
= $6in. Shin % B3in volume of this solid. 
= 38,425 in? 


ays aps il ) 
J 3. Cord of Wood. A cord of wood 
measures 4 ft by 4 ft by 8 ft. What 


Do Exercises 2 and 3. is the volume of a cord of wood? 


The surface area of a rectangular solid is the total area of the six rect- 
angles that form the surface of the solid. For the rectangular solid below, we 
can show the six rectangles with a diagram. 


8 ft 


w 
I 
h h h h h 
i! w 1 w 
I w w 
I 
WwW) + w+ h\+ h|+ h}+ h 
SA = l l l w I w 


lw + lw+ lh+ wh+ Ih+ wh 
= 2lw + 2Ih + 2wh, or 2(lw + lh + wh) 


SURFACE AREA OF A RECTANGULAR SOLID 


The surface area of a rectangular solid with length /, width w, and 
height h is given by the formula 


SA = 2lw + 2lh + 2wh, or 2(lw+ lh + wh). 


Answers 
2. 2990in? = 3. : 128 ft? 
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Find the volume and the surface area 
of the rectangular solid. 


4, at 


Answers 
4. 38.4 m3; 75.2 m2 


5. ie ft3; 102 ft? 
8 4 
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EXAMPLE 3 _ Find the surface area of this rectangular solid. 


j SA = 2lw + 2lh + 2wh 
=2-10m:-8m+2-:10m-7m+2:8m:7m 
160 m2 + 140 m2 + 112 m2 

= 412 m? 


B 
ll 


8m 


The units used for area are square units. 
The units used for volume are cubic units. 


~ J 


Do Exercises 4 and 5. 


b Cylinders 


A rectangular solid is shown below. Note that we can think of the volume as the 
product of the area of the base times the height: 
V=l-w-h 
=(l-w)-h 
= (Area of the base) - h 
=B-h, 


where B represents the area of the base. 
Like rectangular solids, circular cylinders have bases of equal area that lie 
in parallel planes. The bases of circular cylinders are circular regions. 


The volume of a circular cylinder is found in a manner similar to the 
way the volume of a rectangular solid is found. The volume is the product 
of the area of the base times the height. The height is always measured per- 
pendicular to the base. 


VOLUME OF A CIRCULAR CYLINDER 


The volume of a circular cylinder is the product of the area of the base 
Band the height h: 


V=B-h, or V=aereeh. 


6. Find the volume of the cylinder. 
Use 3.14 for 77. 


EXAMPLE 4 Find the volume of this 
circular cylinder. Use 3.14 for 7. 


V=B-h=7-r*-h 


12cm 10 ft 
= 3.14 X 4cm X 4cm X 12cm 
= 602.88 cm? - i = 
af cm 5 ft 
92 7. Find the volume of the cylinder. 
EXAMPLE 5 Find the volume of this circular cylinder. Use 7 for 7. Use © for 77. 
V=B:h=7-r +h 
22 I .2yd 

BG ae “y 

a, X 6.8 yd X 6.8yd Xx 11.2 yd £ —s none 

= 1627.648 yd3 ae yd p 2 

Do Exercises 6 and 7. A ee 

-C) Spheres 
A sphere is the three- 


dimensional counterpart of a 
circle. It is the set of all points 
in space that are a given 
distance (the radius) from a 
given point (the center). 


We find the volume of a sphere as follows. 


VOLUME OF A SPHERE 


The volume of a sphere of radius r is given by 


4 
Verearer, 
3 7 


Answers 
6. 785ft? 7. 67,914 m3 
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8. Find the volume of the sphere. 


Use # for zr. 


28 ft 


9. The radius of a standard-sized 


golf ball is 2.1 cm. Find its 
volume. Use 3.14 for 77. 


10. Find the volume of this cone. 


Use 3.14 for 77. 


11. Find the volume of this cone. 
Use # for zr. 


14 in. 


Answers 


1 
8. 91,989, ft* 9. 38.77272 cm3 
10. 1695.6m> —11. 528 in? 
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| EXAMPLE 6 Bowling Ball. The radius of a standard-sized bowling ball is 
4.2915 in. Find the volume of a standard-sized bowling ball. Round to the 
nearest hundredth of a cubic inch. Use 3.14 for 7. 


We have 


Va4tem- x4 x 3.14 x (4.2915 in.)3 


~ 330.90 in®. Using a calculator ) 


Do Exercises 8 and 9. 


(d) Cones 


Consider a circle in a plane and choose Height 
: . P h pP 

any point P not in the plane. The ; 
I 

| 

| 

| 

| 

| 

I 


of all segments connecting Ptoa 
point on the circle, is called a 
circular cone. 


| 
circular region, together with the set Ng 
| 


Base 


We find the volume of a cone as follows. 


VOLUME OF A CIRCULAR CONE 


The volume of a circular cone with base radius r is one-third the 
product of the area of the base and the height: 


1 1 
Va Bh rr oh 


! EXAMPLE 7 Find the volume of this circular cone. Use 3.14 for 7. 


Vat-an-r-h 


~ i X 3.14 X 3cm X 33cm X 7cm 7cm 
= 65.94cm? 
3 cm ) 
Do Exercises 10 and 11. 


(e) Solving Applied Problems 


| EXAMPLE 8 Propane Gas Tank. A propane gas tank is shaped like a 
circular cylinder with half of a sphere at each end. Find the volume of the tank 
if the cylindrical section is 5 ft long with a 4-ft diameter. Use 3.14 for 77. 


1. Familiarize. We first make a drawing. 


STUDY TIPS 


INCLUDING CORRECT 
UNITS WITH ANSWERS 


Be aware of the dimensions ina 
problem. Make sure that correct 
units appear in the answer when- 
ever appropriate. If the answer 
represents area, use square units. 


If the answer represents volume, 
2. Translate. This is a two-step problem. We first find the volume of the use cubic units. 


cylindrical portion. Then we find the volume of the two ends and add. 
Note that together the two ends make a sphere with a radius of 2 ft. We let 


Total Volume of Volume of 
volume is thecylinder plus the sphere 


wa 


where Vis the total volume. Then 
4 
V = 3.14- (2ft)*- 5 ft + 3 14 ft. 


3. Solve. The volume of the cylinder is approximately 
3.14 - (2ft)*-5ft = 3.14- 2ft-2ft- 5ft 
= 62.8 ft. 


The volume of the two ends is approximately 
4 4 
3 S14: (2ft) = 3° 3.14- 2ft- 2ft- 2ft 


33.5 ft. 


The total volume is about 


62.8 ft? + 33.5 ft? = 96.3 ft®. 12. Medicine Capsule. A cold 
capsule is 8 mm long and 4mm 


in diameter. Find the volume 
5. State. The volume of the tank is about 96.3 ft*. ) of the capsule. Use 3.14 for 7. 


(Hint: First find the length of 


Do Exercise 12. the cylindrical section.) 


4. Check. Wecan repeat the calculations. The answer checks. 


Answer 
12. 83.73 mm? 
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| Exercise Set 


(a) Find the volume and the surface area of the rectangular solid. 


1. i 2. 


8cm 0.6m 


0.6m : 3 in. 
scm 0.6m 


2.04 cm 


3.5 ft 1.5m 


10m 


10 yd 


Copyright © 2012 Pearson Education, Inc. 


434 CHAPTER 6 Geometry 


(b) Find the volume of the circular cylinder. Use 3.14 for 7 in Exercises 9-12. Use ¥ for 77 in Exercises 13 and 14. 


9. 10. 11. 


12. 13. 14. 


40cm 28m 


300 yd 


4cm 


(c) Find the volume of the sphere. Use 3.14 for 7r in Exercises 15-18 and round to the nearest hundredth. Use ¥ for 77 in 
Exercises 19 and 20. 


16. 
r= 200 ft 


17. 
d=6.2m 


20. 
r= 22 in, 


d= 30.4cm 
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d Find the volume of the circular cone. Use 3.14 for 77 in Exercises 21, 22, and 26. Use 2 for 77 in Exercises 23, 24, and 25. 


21. ’ 22. 23. 


25. 26. 


e Solve. 
27. Oak Log. Anoaklog has a diameter of 12 cm anda 28. Ladder Rung. Arung ofa ladder is 2 in. in diameter and 
length (height) of 42 cm. Find the volume. Use 3.14 16 in. long. Find the volume. Use 3.14 for 77. 
for 77. 


29. Times Square Crystal Ball. 1n 2009, a Waterford crystal 30. Gas Pipeline. The 638-mi Rockies Express—East 


ball, made up of more than 2500 pieces of crystal, was pipeline from Colorado to Ohio is constructed with 80-ft 
used to usher in the new year in Times Square. The ball sections of 42-in, or 33 “ft, steel gas pipeline. Find the vol- 
will remain in place all year. The new ball is 12 ft in ume of one section. Use? # for 7. 

diameter and weighs almost 6 tons. Find the volume Source: Rockies Express Pipeline 


of the crystal ball. Use 3.14 for 77. 


31. Tennis Ball. The diameter of a tennis ball is 6.5 cm. 32. Volume ofaTrash Can. The diameter of the base of 
Find the volume. Use 3.14 for 7 and round the answer a cylindrical trash can is 0.7 yd. The height is 1.1 yd. 
to the nearest hundredth. Find the volume. Use 3.14 for 77 and round the answer to 
the nearest hundredth. 
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39. Metallurgy. 


33. Volume of Earth. The radius of the earth is about 


3960 mi. Find the volume of the earth. Use 3.14 for 77. 
Round to the nearest ten thousand cubic miles. 


. Volume ofa Candle. Find the approximate volume of 
a candle that is a circular cone. The diameter of the base 
of the candle is 4.875 in., and the height is 12.5 in. Use 
3.14 for 77. 


12.5 in. 


37. Water Storage. A water storage tank is a right circular 


cylinder with a radius of 14 m and a height of 100 m. 
What is the tank’s volume? Use 2 for 77. 


- 


If all the gold in the world could be 
gathered together, it would form a cube 18 yd on a side. 
Find the volume of the world’s gold. 


. Tennis-Ball Packaging. Tennis balls are generally 
packaged in circular cylinders that hold 3 balls each. 
The diameter of a tennis ball is 6.5 cm. Find the volume 
of acan of tennis balls. Use 3.14 for 77 and round the 
answer to the nearest hundredth. 


34. 


36. 


38. 


40. 


42. 


Astronomy. The radius of the largest moon of Uranus is 
about 789 km. Find the volume of this satellite. Use 22 for 
qr. Round to the nearest ten thousand cubic kilometers. 


Golf-Ball Packaging. The box shown is just big enough 
to hold 3 golf balls. If the radius of a golf ball is 2.1 cm, 
how much air surrounds the three balls? Use 3.14 for 77. 


RoofofaTurret. The roof ofa turret is often in the 
shape ofa circular cone. Find the volume of this circular- 
cone structure if the radius is 2.5 m and the height is 

4.6 m. Use 3.14 for 77. 


The volume of a ball is 3677 cm. Find the dimensions 
of a rectangular box that is just large enough to hold 
the ball. 


Oceanography. Aresearch submarine is capsule- 
shaped. Find the volume of the submarine if it has a 
length of 10 m and a diameter of 8 m. Use 3.14 for 77 and 
round the answer to the nearest hundredth. (Hint: First 
find the length of the cylindrical section.) 
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Skill Maintenance 


Convert to fraction notation. [4.3b] 


43. 24% 44. 85.5% 45. 12.75% 46. 66.6% 
1 1 
47. 35% 48. 62 3” 49. 37 3” 50. 450% 
= 1 1 2 
51. 83.3% 52. 95% 53. 3” 54. 164% 


Great Lakes. The Great Lakes contain about 5500 mi? (23,000 km?) of water that covers a total area of about 94,000 mi? 
(244,000 km). The Great Lakes are the largest system of fresh surface water on Earth. Use the following table for Exercises 55-58. 


GREAT LAKE 
FEATURE UNITS | Superior | Michigan 


SOURCES: http://www.epa.gov/glnpo/factsheet.htm|; 
http://earth1.epa.gov/ginpo/statrefs.html 


55. How much greater is the volume of water in Lake Michi- 56. How much less is the water area of Lake Ontario than of 
gan than in Lake Erie? [1.5al, [5.2a] Lake Superior? [1.5a], [5.2a] 

57. Find the average of the average depths of the five Great 58. Find the average volume of water in the five Great Lakes. 
Lakes. [5.1al], [5.2a] [5.1a], [5.2a] 

Synthesis 

Use the data in the table above for Exercises 59 and 60. 

59. Convert the volume of water in Lake Huron from 60. Convert the water area of Lake Superior from square 
cubic miles to cubic kilometers. Round to the nearest miles to square kilometers. Round to the nearest 
hundredth of a cubic kilometer. hundredth of a square kilometer. 


61. H A sphere with diameter 1 m is circumscribed by a cube. 
How much greater is the volume of the cube than the 
volume of the sphere? 
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Complementary and 
Supplementary Angles 


Zland 22 above are complementary angles. 


mZ1+mZ2 = 90° 
75° + 15° = 90° 


COMPLEMENTARY ANGLES 


Two angles are complementary if the sum of their measures is 90°. 
Each angle is called a complement of the other. 


If two angles are complementary, each is an acute angle. When comple- 
mentary angles are adjacent to each other, they form a right angle. 


' EXAMPLE 1 Identify each pair of complementary angles. 


Zl and 22 
Zl and 24 


25°+65°=90° £2 and 23 
Z3 and Z4 ) 


| EXAMPLE 2 Find the measure of a complement of an angle of 39°. 


90° — 39° = 51° 


The measure of a complement is 51°. ) 


| Do Exercises 1-5. 


1. Identify each pair of 
complementary angles. 


Find the measure of a complement 
of each angle. 


2. 45° Big? 
Al, (5° By Oe 
Answers 


1. Zland 22; Zland 24; 22 and 43; 23 
and 24 2. 45° 3. 72° «+4. 5° 5. 23° 
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6. Identify each pair of supplemen- 
tary angles. 


Find the measure of a supplement 
of each angle. 


To. S8 8. 157° 
9° 90° 10. 71° 
Answers 


6. Zland 22; Zland 44; Z2 and 23; 
Z3 and 44 7. 142° 8... 23° 9. 90° 
10. 109° 
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Next, consider 21 and 22 as shown below. Because the sum of their 
measures is 180°, Z1 and 22 are said to be supplementary. Note that when 
supplementary angles are adjacent, they form a straight angle. 


mZ1+mZ2 = 180° 
30° + 150° = 180° 


SUPPLEMENTARY ANGLES 


Two angles are supplementary if the sum of their measures is 180°. 
Each angle is called a supplement of the other. 


EXAMPLE 3 Identify each pair of supplementary angles. 


105° 105° 
75° 5" 
l/oa 3 4 


Zl and 22 105° + 75° = 180° 


Z2 and 23 
Zl and £4 


Z3 and Z4 


EXAMPLE 4 Find the measure of a supplement of an angle of 112°. 
7 180° — 112° = 68° 
(180 — 112) 112° 
< = — a _ 


The measure of a supplement is 68°. 


Do Exercises 6-10. 


(b) Congruent Segments and Angles 


Congruent figures have the same size and shape. They fit together exactly. 


CONGRUENT SEGMENTS 


Two segments are congruent if and only if they have the same length. 


’ EXAMPLE 5. Use aruler to show that PQ and RS are congruent. 


Since both segments have the same length, PQ and RS are congruent. To 
say that PQ and RS are congruent, we write 


PQ = BS. ) 


| EXAMPLE 6 Which pairs of segments are congruent? Use a ruler. 
Determine whether the given 
segments are congruent. Use a ruler. 


se xX 
Oa 1l. M —_—_ N Th 
ae —— , —— 
D eee 
Sa, Q : 


ee oe, ae __ 12. F 
AB=CD and PO = XY. j SS 
K 
| Do Exercises 11 and 12. — 


CONGRUENT ANGLES 


Two angles are congruent if and only if they have the same measure. 


T 


| EXAMPLE 7 Use a protractor to show that “P and 4 Q are congruent. 


UU ] 7 
ey ™M 80 90 100 
we Bo 7 do z, 


Ws, 
19, 400 90 8 
Gy v0 70 320 


O 


oe, 
at 

2 

Bo 


Since MZ P = mMZQ = 34°, ZPand ZQ are congruent. To say that 2P 
and 2 Q are congruent, we write 


ZFS 26. ) 


Answers 


11. Notcongruent 12. Congruent 


6.6 Relationships Between Angle Measures 441 


| EXAMPLE 8 Which pairs of angles are congruent? Use a protractor. 
Determine whether the pair of angles 


is congruent. Usea protractor. 


: ttn, 4 


14. ZM = ZS since mZM = mZS = 108°. 
Do Exercises 13 and 14. 
Y W If two angles are congruent, then their supplements are congruent and 


their complements are congruent. 


‘C) Vertical Angles 


When RT intersects Kye) at P, 
four angles are formed: 
ZSPT 
ZRPQ 
ZSPR 
ZQPT 


Pairs of angles such as ZRPQ and SPT are called vertical angles. 


VERTICAL ANGLES 


Two nonstraight angles are vertical angles if and only if their sides form 
two pairs of opposite rays. 


Vertical angles are supplements of the same angle. Thus they are congruent. 


THE VERTICAL ANGLE PROPERTY 


Vertical angles are congruent. 


Answers 


13. Notcongruent 14. Congruent 
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EXAMPLE 9 In the figure below, m1 = 23° and mZ3 = 34°. Find m2Z2, 
mZ4,mZ5,andmZ6. 


Since Zl and 24 are vertical angles, mZ4 = 23°. Likewise, 73 and 26 
are vertical angles, so mZ6 = 34°. 
mZ1+mZ2+mZ3 = 180 
23 + mZ2 + 34 = 180 Substituting 
mZ2 = 180 — 57 
mZ2 = 123° 


15. In the figure below, m 22 = 41° 
and mZ4 = 10°. Find m1, 


Since 72 and 25 are vertical angles, 
mZ3,mZ5,andmZ6. 


mZ5 = 123°. 


|__Do Exercise 15. 4 


(d) Transversals and Angles 


TRANSVERSAL 


A transversal is a line that intersects two or more coplanar lines in 
different points. 


When a transversal intersects a pair of lines, eight angles are formed. 
Certain pairs of these angles have special names. 


Corresponding Angles 


Z2 and 246 
Z3 and Z7 
Z1 and 45 
ZA and 28 


Answer 
15. mZ1 = 10°; mZ3 = 129°; mZ5 = 41°; 
mZ6 = 129° 
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Interior Angles 


Z3, Z4, Z5,and 26 


4/3 Z4 and 46 
5/6 Z3 and 45 


EXAMPLE 10 Identify all pairs of corresponding angles, all interior angles, 


ise Ph io Mine pie ate to anew r and all pairs of alternate interior angles. 


Margin Exercises 16-18. 


16. Identify all pairs of 


Corresponding angles: Z6and 44, Z2and 48, Z5and 43, 
corresponding angles. 


Zland Z7 
17. Identify all interior angles. Interior angles: Se 
Alternate interior angles. Zland 24, 22 and 23 


18. Identify all pairs of alternate 


interior angles. Do Exercises 16-18. 


Given a line / and a point P not on J, there is at most one line that contains 
P and is parallel to /. 


P 


<—_——__ o—_—— 
> 


If two lines are parallel, the following relations hold. 


Answers 


16. Zland 43, Z2and 44, Z5and Z7, 
Z6 and 48 17. 22, 23, Z6,and 27 
18. 22 and 47, Z6and 23 


444 CHAPTER 6 Geometry 


Properties of Parallel Lines 


1. Ifa transversal intersects two parallel lines, then the corresponding 
angles are congruent. 


If1|| m, then 21 = 22. 


2. Ifa transversal intersects two parallel lines, then the alternate interior 
angles are congruent. 


m 


If1|| m, then 21 = 22. 


In a plane, if two lines are parallel to a third line, then the two lines are 
parallel to each other. 


If 1 || p and m | p, then 1|| m. 


If a transversal intersects two parallel lines, then the interior angles on the 
same side of the transversal are supplementary. 


If Z| p, then mZ1 + mZ2 = 180°. 


5. If a transversal is perpendicular to one of two parallel lines, then it is 
perpendicular to the other. 


If1|| mandt 1 1,thent 1 m. 
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19. If 1 || mand mZ3 = 51°, what 
are the measures of the 
other angles? 


20. If AB || CD, which pairs of angles 
are congruent? 


A 


21. If PQ || RS, which pairs of angles 
are congruent? 


Ie 


Answers 


19. mZ7 =mZ1=mZ5 = 51°; 
mZ8 =mZ2=mZ6 = mZ4 = 129° 
20. ZCED = ZBEA, ZECD = ZEBA, 
ZEDC = ZEAB, ZCEA = ZBED 
21. ZTPQ = ZTRS, ZTQP = ZTSR 
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| EXAMPLE 11 I[f/| mand m1 = 40°, what are the measures of the other 
angles? 


mZ7 = 40° Using Property 2 

mZ5 = 40° Using Property 1 

mZ8 = 140° Using Property 4 

mZ3 = 40° Z1land 43 are vertical angles 

mZ4 = 140° Using Property 1 and m8 = 140° 

mZ2 = 140° Z2and 24 are vertical angles and m4 = 140° 
mZ6 = 140° Z6and 48 are vertical angles and m8 = 140° 


Do Exercise 19. 
~ EXAMPLE 12 If PT | SR, which pairs of angles are congruent? 


P 


ZTPQ = ZSRQ and ZPTQ = ZRSQ Using Property 2 
ZPQT = ZRQS and ZPQS = ZRQT Vertical angles 


Do Exercise 20. | 


- EXAMPLE 13 If DE|| BC, which pairs of angles are congruent? 


A 


B Cc 


ZADE = ZABC and ZAED = ZACB Using Property 1 


Do Exercise 21. | 


° For Extra Help — 
SM mymathialy “ee FO. 


(a) Find the measure of a complement of each angle. 


1. 11° 2. 83° 3. 67° 4, 5° 
5. 58° 6. 32° 7. 29° 8. 54° 


Find the measure of a supplement of each angle. 
9. 3° 10. 54° 11. 139° 12. 13° 


13. 85° 14, 129° 15. 102° 16. 45° 


(b) Determine whether the pair of segments is congruent. Use a ruler. 


R 


T a 
Q 
K V 

Determine whether the pair of angles is congruent. Use a protractor. 
19. 20. 

G 

R 

T H 
21. In the figure, m2Z1 = 80° and mZ5 = 67°. FindmZ2, 22. In the figure, m22 = 42° and m4 = 56°. Findm/1, 
mZ3,mZ4,andmZ6. mZ3,mZ5,andmZ6. 
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{ d _ In Exercises 23 and 24, (a) identify all pairs of corresponding angles, (b) identify all interior angles, and (c) identify all 
pairs of alternate interior angles. 


Lines q andr 
Transversal f 


Lines mand n 
Transversal t 


25. Ifm || n and mZ4 = 125°, what are the measures of the 26. If m || n and mZ8 = 34°, what are the measures of the 
other angles? other angles? 


In each figure, AB || CD. Identify pairs of congruent angles. Where possible, give the measures of the angles. 
B 28. 


27. A 
“|, 


29. A E B 30. A Cc 
41° 


Skill Maintenance 


Multiply. [2.4d] 
2 1 


if 3 1 3 
31.6 x 1l— 32. 10—- x 1= 33. 8= Xx 14 34. 2- x 5- 
8 4 2 7 3 2 
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(a) Congruent Triangles 


Triangles can be classified by their angles. 


Acute: All angles acute 
Right: One right angle 
Obtuse: One obtuse angle 


Equiangular: All angles congruent 


Triangles can also be classified by their sides. 


Equilateral. All sides congruent 
Isosceles: At least two sides congruent 
Scalene: No sides congruent 


We know that congruent figures fit together exactly. 


Cc 


Th 


Cc’ 
B' is read “B prime.” 
A B A’ B' 


ese triangles will fit together exactly if we match A with A’, B with B’, and C 


with C’. On the other hand, if we match A with B’, B with C’, and Cwith A’, the 
triangles will not fit together exactly. The matching of vertices determines 
corresponding sides and angles. 


EXAMPLES Consider AABC and AA'B’C’ above. 


1. 


If we match A with A’, B with B’, and C with C’, what are the correspond- 
ing sides? 

AB< A'B’ 

BC B'C’ — — means “corresponds to.” 

AC A'C' 


. If we match A with B’, B with C’, and C with A’, what are the correspond- 


ing angles? 
ZA? ZB ZB-LZC LC ZA 
IfA<— A’, B— B’, and C— C, then we write ABC A'B’C’. ) 


CONGRUENT TRIANGLES 


Two triangles are congruent if and only if their vertices can be matched 
so that the corresponding angles and sides are congruent. 


The corresponding sides and angles of two congruent triangles are called 


corresponding parts of congruent triangles. Corresponding parts of congruent 
triangles are always congruent. 
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1. Suppose that AABC = ADEF. 
What are the congruent 
corresponding parts? 


2. Name the corresponding parts 
of these congruent triangles. 


Answers 


1. ZA = ZD, ZB = ZE, ZC = ZF; 
AB = DE, AC = DF, BC = EF 
2. ZN = ZP, ZM = ZR, ZO = ZQ; 
NM = PR, NO = PQ, MO = RQ 
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We write AABC = AA'B'C' to say that AABC and AA’B'C’ are congru- 
ent. We agree that this symbol also tells us the way in which the vertices are 


matched. 


Wv Vv 
A ABC = AA'B'C’ 


AABC = AA'B'C' means that 


ZA =ZA' and AB 
ZB= ZB’ AC 
ZC = ZC’ BC 


EXAMPLE 3 Suppose that APQR = ASTV. What are the congruent corre- 


sponding parts? 
Angles Sides 
4P= ZS PQ = 
ZQ= ZT PR = 
ZR = ZV OR = 


DoExercisel. | 


EXAMPLE 4 Name the corresponding parts of these congruent triangles. 


xX 

Y 
Angles Sides 
ZX = ZU XY = 
LY=ZV YZ = 
ZZ = ZW ZX = 


Do Exercise 2. _} 


Geometry 


Sometimes we can show 


U 
ZW V 

UV 

vw 

WU 


that triangles are congruent without already 


knowing that all six corresponding parts are congruent. 

On a full sheet of paper, draw AABC. On another sheet of paper, make a 
copy of 7A. Label the copy ZD. On the sides of 7D, copy AB and AC. Label the 
copy DE and DF. Draw EF. Cut out ADEF and AABC and place them together. 


What do you conclude? 


A Cc D 


D 


THE SIDE-ANGLE-SIDE (SAS) PROPERTY 


Two triangles are congruent if two sides and the included angle of one 


triangle are congruent to two sides and the included angle of the other 
triangle. 


£~  L™ 


EXAMPLE 5 Which pairs of triangles are congruent by the SAS property? 


VEESS 
VY AA 


Pairs (b) and (c) are congruent by the SAS property. 


Do Exercise 3. 


On a sheet of paper, draw a triangle. Then copy this triangle by copying 
each of its sides. Cut both triangles out and place them together. This suggests 
the following property. 


THE SIDE-SIDE-SIDE (SSS) PROPERTY 


If three sides of one triangle are congruent to three sides of another 
triangle, then the triangles are congruent. 


3. Which pairs of triangles are 
congruent by the SAS property? 


Fae ot 
eae 
qb 


Answer 
3. (a), (©) 
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4. Which pairs of triangles are 
congruent by the SSS property? 


a) 


10 13 
aa 
ZL 


5. Which pairs of triangles are 
congruent by the ASA property? 


VS 


b) 


Answers 
4. (a) 5. (b) 
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EXAMPLE 6 Which pairs of -. are congruent by the SSS property? 


) aor ees 


Pairs (b) and (d) are congruent by the SSS property. 


Do Exercise 4. 


We have shown triangles to be congruent using SAS and SSS. A third way 
to show congruence is shown below. 

On a full sheet of paper, draw a triangle, A ABC. On another sheet of paper, 
draw a segment DE so that DE = AB*. At D, make a copy of ZA. At E, make a 
copy of ZB. Label the third vertex of the copy F. Cut out AABC and ADEF and 
place them together. What do you conclude? 


rae D E D E 


THE ANGLE-SIDE-ANGLE (ASA) PROPERTY 


If two angles and the included side of a triangle are congruent to two 
angles and the included side of another triangle, then the triangles 
are congruent. 


Ln» 2 


EXAMPLE 7 Which pairs of triangles are congruent by the ASA property? 


a) 


Pairs (b) and (c) are congruent by the ASA property. 


Do Exercise 5. | 


*DE denotes the segment with endpoints D and E. DE denotes the length of DE. 


EXAMPLES Which property (if any) should be used to show that these 
pairs of triangles are congruent? 


8. 9. 
26° 26° 
108° 108° 
Use SAS 
Use ASA 
10. 11. 
4 14 i 14 
aN aN 
None. 
Use SSS. 


| Do Exercises 6-9. 


It is important to be able to explain why triangles are congruent. 


EXAMPLE 12 In AABC and ADEF, AB = DE, AC = DF, and ZA = ZD. 
Explain why the triangles are congruent. 


G 


Cc iE 


We have two sides and an included angle of AABC congruent to the cor- 
responding parts of A DEF. Thus, AABC = A DEF by SAS. 


EXAMPLE 13. In ACPD and AEQD, CP | QPand EQ | QP. Also, ZQDE = 
ZPDC and Dis the midpoint of QP. Explain why ACPD = A EQD. 


Q 2 P 


E Cc 


The perpendicular sides form right angles, which are congruent. Since 
Dis the midpoint of QP, we know that QD = PD. With ZQDE = ZPDC, we 
have ACPD = AEQD by ASA. 


Do Exercise 10. 


Which property (if any) should be 
used to show that the pair of 
triangles is congruent? 


yaa Cala 


pe 
LAN 
y; 


10. In this figure, AB | ED and Bis 
the midpoint of ED. Explain why 
LNABIDE= NAB ES 


B 


Answers 


6. None 7. SAS 8. ASA 
9. SSS 10. SAS 
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ll. ZR = ZT, ZW = ZV, and 


RW = TV. What can you 


conclude about this figure? 


R 


Lr 


12. Ona pair of pinking shears, the 
indicated angles and sides are 
congruent. How do you know 
that Pis the midpoint of GR? 


Answers 


11. ASRW = ASTV by ASA; ZRSW = ZTSV, 
RS = TS, SW = SV 

12. AGKP = APTR by ASA. Thus correspond- 
ing parts GP and PR are congruent, and P is 
the midpoint of GR. 


454 


CHAPTER 6 


Geometry 


Sometimes we can conclude that angles and segments are congruent by 
first showing that triangles are congruent. 


EXAMPLE 14 AB = BCand EB = DB. A D 
What can you conclude? 


E C 


Since ZABE and ZCBD are vertical angles, ZABE = ZCBD. Thus, 
A ABE = ACBD by SAS. As corresponding parts, AE = CD, ZA = ZC, and 
ZE = ZD. J 


Do Exercise 11. 


EXAMPLE 15 Explain how you can use congruent triangles to find the dis- 
tance across a marsh. 


D ~ A We mark off distances AX and 
F_ *. % ty Oe, BX and then extend AX and BX 

s so that point X becomes the 

midpoint of AC and BD. Then 
A ABX = ACDX by SAS. Thus, 
DC = AB as corresponding parts. 
Then we can measure DC know- 


~~ = ing that DC = AB. 
Co B 


Do Exercise 12. 


\b) Properties of Parallelograms 


A quadrilateral is a polygon with four sides. A diagonal of a quadrilateral is a 
segment that joins two opposite vertices. 


A B 


AC and BD are diagonals. 


The sum of the measures of the angles of a quadrilateral is 360°. 
A parallelogram is a quadrilateral with two pairs of parallel sides. 


Draw two pairs of parallel lines to form parallelogram ABCD. Compare the 
lengths of opposite sides. Compare the measures of opposite angles. Com- 
pare the measures of consecutive angles. Draw diagonal AC. How are AADC 
and A CBA related? Draw diagonal BD, intersecting AC at point E. What is spe- 
cial about point E? 


Using the comparisons and the fact that corresponding parts of con- 
gruent triangles are congruent, we can list the following properties of 
parallelograms. 


PROPERTIES OF PARALLELOGRAMS 


. Adiagonal of a parallelogram determines two congruent triangles. 
. The opposite angles of a parallelogram are congruent. 
. The opposite sides of a parallelogram are congruent. 


. Consecutive angles of a parallelogram are supplementary. 


a Fr wn = 


. The diagonals of a parallelogram bisect each other. 


EXAMPLE 16 If mZA = 120°, find the measures of the other angles of 
parallelogram ABCD. 


B Cc 
A D 
m ZC = 120° Using Property 2 
m ZB = 60° Using Property 4 
m ZD = 60° Using Property 2 


Do Exercises 13 and 14. 
EXAMPLE 17 Find AB and BC. 


A B 


18 
AB=18 and BC=7 Using Property 3 


Do Exercises 15 and 16. 


Find the measure of each angle. 


13. B 
A a 
14. p Q 
S R 


Find the length of each side. 


15. Q R 
Ze 
Tr 10 8 


16. The perimeter of 7 DEFG is 68. 


D 15 


Answers 


13. m ZC = 27°, m ZB = m ZD = 153° 
14. m ZS = 114°, m ZP = m ZR = 66° 
15. QR = 10,SR=8 

16. EF = 13.6, DE = GF = 20.4 
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For Extra Help 


MyMathLab PRACTICE 


(a) Name the corresponding parts of the congruent triangles. 


1. AABC = ARST 


3. A DEF = AGHK 


5. AXYZ = AUVW 


2. AMNQ = AHJK 


4. AABC = AABC 


6. AABC = AACB 


WATCH 


vain TE 


DOWNLOAD 


READ 


REVIEW 


Name the corresponding parts of the congruent triangles. 


cre B E a 
9. O S is e 
H 
G 
M N P Q 


Determine whether the pair of triangles is congruent by the SAS property. 


11. 12. 13. 
4 
7 
ea 
6 
7 
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16. 19 


18 


14. 15. 
L™ k™ 
8 


19 


Determine whether the pair of triangles is congruent by the SSS property. 


17. 18. 19. 
10 10 
7 a > 7 
20. 21. 14 22. 
i 29°, 
28 2 ll 
u 12 
le sell 29° 


14 


Determine whether the pair of triangles is congruent by the ASA property. 


23. 24. 25. 
17 89° 
aad <\ 
NOX 17 89° 


AA 26° 
26. 27; 28. 14 
14 
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Which property (if any) should be used to show that the pair of triangles is congruent? 


SC = ve 
ae 


Explain why the triangles indicated in parentheses are congruent. 


35. Ris the midpoint of both PT and QS. (A PRQ = ATRS) 36. 41 and 22 are right angles, Xis the midpoint of AY, and 
XB = YZ. (A ABX = AXZY) 


P S 
B Z 
R 
T 
Q A - Y 
37. Lis the midpoint of KM and GL 1 KM. 38. X is the midpoint of QS and RP with RQ = SP. 
(AKLG = AMLG) (A RQX = APSX) 
Q a R 
es ed, 
K L M 
39. A AEB and A CDB are isosceles with AE = AB = 40. AB | BEand DE 1 BE. AB = DEand ZBAC = ZEDC. 
CB = CD. Also, B is the midpoint of ED. (A ABC = ADEC) 
(A AEB = A CDB) 
A D 
A C 
E D 
B B C E 
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What can you conclude about each figure using the given information? 


41. GK | LJ, HK = KJ, and GK = LK 


G 


Use corresponding parts to solve Exercises 43 and 44. 


43. On this national flag, the indicated segments and angles 
are congruent. Explain why P is the midpoint of EF. 


(b) Find the measures of the angles of each parallelogram. 


45. A B 
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42. AB = DCand ZBAC = ZDCA 


A B 


44. The indicated sides of a kite are congruent. Explain how 
you know that 71 = 22. 


B 


46. E 
F 
H 
G 
48. P 
Ss 
Q 
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Find the lengths of the sides of each parallelogram. 


49. T 50. F 
32 
U 
15 2 G 
16 
O AH 
a N 
51. The perimeter of (/KLM is 22. 52. The perimeter of DWXYZ is 248. 
K Xx 
74.2 
W, 
L 
Wi ¥ 
1 
35 E 
M 
53. AB = 14and BD = 19. Find the length of each diagonal. 54, EJ = 23 and GJ = 13. Find the length of each diagonal. 
A D E 


ee 


E 
G 
Skill Maintenance 
Convert to percent notation. [4.2b], [4.3a] 
55. 0.452 56 Le 57 = 58 = 
7 “s * 20 “25 
59. Tourist Spending. Foreign tourists spend $13.1 billion 60. One person in four plays a musical instrument. Ina 
in this country annually. The most money, $2.7 billion, is given group of people, what is the ratio of those who 
spent in Florida. What is the ratio of amount spent in play an instrument to total number of people? What is 
Florida to total amount spent? What is the ratio of total the ratio of those who do not play an instrument to total 
amount spent to amount spent in Florida? [4.1a] number of people? [4.1a] 


Divide. Find decimal notation for the answer. [3.4a] 
61. 21 + 12 62. 23.4 + 10 


63. 23.4 + 100 64. 23.4 + 1000 


65. Multiply 3.14 x 4.41. Round to the nearest hundredth. [3.3a], [3.1d] 
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(a) Proportions and Similar Triangles 


We know that congruent figures have the same shape and size. Similar figures 
have the same shape, but are not necessarily the same size. 


| JOOAA 


Similar figures 


' EXAMPLE1 Which pairs of triangles appear to be similar? 
a) b) } 
Cc) s d) | | 
Pairs (a), (c), and (d) appear to be similar. ) 


Do Exercise 1. 


Similar triangles have corresponding sides and angles. 
' EXAMPLE 2 AABCand ADEF are similar. Name their corresponding sides 


and angles. 


E 


AB< DE ZA@— ZD 
AC — DF ZB—ZE 
BC--EF ZC-ZF ) 


| Do Exercise 2. 


1. Which pairs of triangles appear 
to be similar? 


NS SS. 
AL 
AN 
oT 


2. APQR and AGHK are similar. 


Name their corresponding sides 
and angles. 


G 
oe 
Q RH K 
Answers 
1. (a), (b), (d) 


2. PQ— GH, QR — HK, PR — GK, 


ZP— ZG, 2Q— ZH, ZR— ZK 
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3. Suppose that AJKL ~ AABC. 
Which angles are congruent? 
Which sides are proportional? 


4. These triangles are similar. 
Which sides are proportional? 


2» 


Answers 


3. 2) = ZA, ZK = ZB, ZL = ZC; 
JK JL _ KL 
AB AC BC 
PN PM _ MN 
“TS TR RS 
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SIMILAR TRIANGLES 


Two triangles are similar if and only if their vertices can be matched 
so that the corresponding angles are congruent and the lengths of 
corresponding sides are proportional. 


To say that AABC and ADEF are similar, we write “A ABC ~ A DEF.” 
We will agree that this symbol also tells us the way in which the vertices are 
matched. 


J 


Vv 
AABC ~ ADEF 


Thus, AABC ~ A DEF means that 


ore AB C C 

A B 
ZB= ZE and DE DF. EF’ 
ZG= ZF 


EXAMPLE 3 Suppose that APQR ~ ASTV. Which angles are congruent? 
Which sides are proportional? 


Sar PQ PR_ QR 
2ZQ = ZT and ST SV. TV’ 
ZR= ZV 


Do Exercise 3. 


EXAMPLE 4 These triangles are similar. Which sides are proportional? 


U. 


Y Z W V 


It appears that if we match X with U, Y with W, and Z with V, the corre- 
sponding angles will be congruent. Thus, 
XY XZ YZ 
UW UV WV’ 


Do Exercise 4. 


\b) Proportions and Similar Triangles 
We can find lengths of sides in similar triangles. 


| EXAMPLE 5 If ARAE ~ AGQL, find QL and GL. 


9 
6 4 
R E G L 


Since A RAE ~ AGQL, the corresponding sides are proportional. Thus, 


oe 
9 QL 
_ F 5. If AWNE ~ ACBT, find BT 
6(QL) =9-4 Equating cross products and CT. 
6(QL) = 36 
N 
QL = 6 Dividing by 6 on both sides 
and 8 e 

Be: 

9 GL ap = 3 
6(GL) =9-7 3 
6(GL) = 63 

GL = 103. 6 


Do Exercise 5. G iF 


| EXAMPLE 6 If AB|| CD, find CD. 


Cc D 


Recall that if a transversal intersects two parallel lines, then the alternate 
interior angles are congruent (Section 6.6). Thus, 


ZA=ZD and ZC= ZB, 


because they are pairs of alternate interior angles. Since ZAEB and ZDEC are 
vertical angles, they are congruent. Thus by definition 

A AEB ~ A DEC 
and the lengths of the corresponding sides are proportional. Thus, 

Sa eal A 

DE CD’ nswer 


3 
5. BT=67,CT=9 
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6. If QR||ST, find QR. 


Q R 
8 
V 


50 


7. How high is a flagpole that casts 
a 45-ft shadow at the same time 
that a 5.5-ft woman casts a 


10-ft shadow? 


Answers 
6. QR=10 7. 24.75 ft 
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Solve: : = a Substituting 
3(CD) = 9-4 Equating cross products 
3(CD) = 36 
CD = 12. Dividing by 3 on both sides ) 


Do Exercise 6. 


Similar triangles and proportions can often be used to find lengths that 
would ordinarily be difficult to measure. For example, we could find the 
height of a flagpole without climbing it or the distance across a river without 
crossing it. 


EXAMPLE 7 Howhigh isa flagpole that 
casts a 56-ft shadow at the same time 
that a 6-ft man casts a 5-ft shadow? AS 


Sun’s 
rays 


56 ft 


5 ft 


If we use the sun’s rays to represent the third side of the triangle in our 
drawing of the situation, we see that we have similar triangles. Let p = the 
height of the flagpole. The ratio of 6 to p is the same as the ratio of 5 to 56. 
Thus we have the proportion 


Heightofman—> 6 5 <— Length ofshadow ofman 
Height of pole —> p 56 <— Length of shadow of pole 


Solve: 6:-56=5:-p Equating cross products 


; 5- 
= — Dividing by 5 on both sides 
ee =p Simplifying 
67.2 = p. 
The height of the flagpole is 67.2 ft. ) 


Do Exercise 7. 


| EXAMPLE 8 Rafters ofa House. Carpenters use similar triangles to deter- 
mine the lengths of rafters for a house. They first choose the pitch of the roof, 
or the ratio of the rise over the run. Then using a triangle with that ratio, they 
calculate the length of the rafter needed for the house. Loren is constructing 
rafters for a roof with a 6/12 pitch on a house that is 30 ft wide. Using a rafter 
guide, Loren knows that the rafter length corresponding to the 6/12 pitch is 
13.4. Find the length x of the rafter of the house to the nearest tenth of a foot. 


Rise: 6 


Run: 12 
Pitch: 6/12 


We have the proportion 


Length of rafter Run in 6/12 
in 6/12 triangle —> 13.4 _ 12 <~ triangle 
Length ofrafter —> x 15° < Runin similar 
on the house triangle on the house 


Solve: 13.4:15=x-12 Equating cross products 
13.4-15 x-12 


Dividing by 12 on both sides 


12 12 
13.4-15 a7 
12 
16.8 ft © x. Rounding to the nearest tenth of a foot 8. Rafters ofa House. Referring 


to Example 8, find the length y 
The length x of the rafter of the house is about 16.8 ft. ) of the rise of the rafter of the 
house to the nearest tenth 


| Do Exercise 8. of a foot. 


DON'T BE OVERWHELMED 


Don't let the idea of starting your homework or studying for a test overwhelm 
you. Begin by choosing a few homework problems to do or focus on a single 
topic to review for a test. Often, getting started is the most difficult part of an 
assignment. Once you have cleared this mental hurdle, your task will seem 
less overwhelming. 


Answer 
8. 7.5 ft 
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1. Servings of Pork. An 8-lb pork 


roast contains 37 servings of 
meat. How many pounds of pork 
would be needed for 55 servings? 


. Height ofa Ladder. A14.5-ft 
ladder leans against a house. The 
bottom of the ladder is 9.4 ft from 
the house. How high is the top 

of the ladder? 


. Cruise Cost. A group of 6 college 
students pays $4608 for a spring 
break cruise. What is each person’s 
share? 


. Sales Tax Rate. The sales tax is 
$14.95 on the purchase of a new 
ladder that costs $299. What is the 
sales tax rate? 


. Volume of a Sphere. Find the 
volume of a sphere whose radius 
is 7.2 cm. 


Translating 
for Success 


The goal of these matching questions 
is to practice step (2), Translate, of the 


five-step problem-solving process. 
Translate each word problem to an 


equation and select a correct translation 


from equations A-O. 
1 2 
A, e=2eos (Te) 


. 6- x = $4608 


4 
; x= 3°76: (7.2) 


1 2 
.x=m-(5—-+2) -7 
r=m-(52+2) 


- X= 6% X 5 X $14.95 


. (94)? + x? = (14.5)? 
. $14.95 = x- $299 
x = 2(14.5 + 9.4) 


(9.4 + 14.5)? =x 


. x = 4(14.5 + 9.4) 


- x = 6- $4608 


4 
.x= 3 7 (7.2)° 


Answers on page A-11 


6. Inheritance. Six children each 


inherit $4608 from their mother’s 
estate. What is the total 
inheritance? 


. Sales Tax. Erica buys 5 pairs of 


earrings at $14.95 each. The sales 
tax rate is 6%. How much sales 
tax will be charged? 


. Volume ofaCone. Find the 


volume of a circular cone with a 
6-cm base radius and a height of 
ie2cme 


. Volume of a Storage Tank. The 


diameter of a cylindrical grain- 
storage tank is 55 yd. Its height 
is 7 yd. Find its volume. 


. Perimeter ofa Photo. A rect- 


angular photo is 14.5 cm by 
9.4 cm. What is the perimeter of 
the photo? 


For Extra Help = 


6.8 | MSG mymathialy Or FS. 


%. 
PRACTICE WATCH DOWNLOAD READ REVIEW 


(a) For each pair of similar triangles, name the corresponding sides and angles. 


1. 2. N 


B 
LX IX. | 
S 
B CG 
R TA G 
WA 4. V 
| T 
Z Ww B w A s 


For each pair of similar triangles, name the congruent angles and proportional sides. 
5. AABC ~ ARST 6. APQR ~ ASTV 


3. 


7. AMES ~ ACLF 8. ASMH ~ AWLK 


Name the proportional sides in these similar triangles. 
9. D 10. V 
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(b) Find the missing lengths. 


13. If AABC ~ A PQR, find QRand PR. 


Q 
B 6 
A re ae 3 R 
15. If AD|| CB, find EC. 
C 
A 
E 
7 21 
6 
D 


17. How high is a tree that casts a 27-ft shadow at the same 
time that a 4-ft fence post casts a 3-ft shadow? 


19. Find the distance across the river. Assume that the ratio 
of d to 25 ft is the same as the ratio of 40 ft to 10 ft. 


Skill Maintenance 


Multiply. 


21.24x 104 [2.4d] 22. 3.05 x 0.08 [3.3al 
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14. If AMAC ~ AGET, find AM and GT. 


E 

16 
30 20 

M a 6 
G T 

16. If LN || PM, find QM. 
i = N 
20 
Q 
P M 
10 


18. How high is a flagpole that casts a 42-ft shadow at the 
same time that a 5 3-ft woman casts a 7-ft shadow? 


20. To measure the height of a hill, a string is drawn tight 
from level ground to the top of the hill. A 3-ft stick is 
placed under the string, touching it at point P, a 
distance of 5 ft from point G, where the string touches 
the ground. The string is then detached and found to 
be 120 ft long. How high is the hill? 


23.8 x92 [2.4d] 24. 10.01 X 6.11 [3.3a] 
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6 Summary and Review 


ieee Terms and Formulas 


geometric figure, p. 390 equilateral triangle, p. 394 volume, p. 428 

segment, p. 390 isosceles triangle, p. 394 rectangular solid, p. 428 

ray, p. 390 scalene triangle, p. 394 surface area, p. 429 

line, p. 390 right triangle, p. 394 circular cylinder, p. 430 
coplanar, p. 391 obtuse triangle, p. 394 sphere, p. 431 

parallel lines, p. 391 acute triangle, p. 394 circular cone, p. 432 
intersecting lines, p. 391 perimeter, p. 401 complementary angles, p. 439 
angle, p. 391 rectangle, p. 401 supplementary angles, p. 440 
vertex, p. 391 square, p. 402 congruent, p. 441 

protractor, p. 392 area, p. 406 vertical angles, p. 442 

right angle, p. 393 parallelogram, p. 407 transversal, p. 443 

straight angle, p. 393 trapezoid, p. 409 corresponding angles, p. 443 
acute angle, p. 393 circle, p. 417 interior angles, p. 444 

obtuse angle, p. 393 diameter, p. 417 alternate interior angles, p. 444 
perpendicular lines, p. 394 radius, p. 417 congruent triangles, p. 449 
polygon, pp. 394, 401 circumference, p. 418 diagonal, p. 454 

triangle, pp. 394, 408 pi (77), p. 418 similar triangles, p. 462 


Perimeter of a Rectangle. P= 2-(1+ w),or Circumference of a Circle: C=7-d,orC=2:-7-r 
P=2-1+2-w Area of a Circle: A=7-r-rorA=7-r 
Perimeter of a Square: P=4-s Volume of a Rectangular Solid: V=1-w-h 
Area of a Rectangle: A=I-w Surface Area of a SA = 2lw + 2lh + 2wh, or 
Area of a Square: A=s-s,orA= 5s? Rectangular Solid: 2(lw + lh + wh) 
Area of a Parallelogram: A=b-h Volume of a Circular Cylinder. V=am-r2-h 
1 Volume of a Sphere: V=i-a-r 
Area of a Triangle: A=—:b-h Pee 5; 
2 Volume of a Cone: V=5°7-9r?-h 
; 1 Sum of Angle Measures 
Area of a Trapezoid: A=—:h:-(at+b 
eae P 2 he ) of a Triangle: mZA+mZB+mZC = 180° 
: : Sum of Angle Measures 
Radius and Diameter 
d Pol ; — 2) - 180° 
of a Circle: d=2-r,orr= os ofa Polygon (n pele 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. The acute angles ofa right triangle are complementary. [6.1e], [6.6a] 


2. Two angles are supplementary if the sum of their measures is between 90° and 180°. [6.6a] 


22 
3. The number 7 is greater than 3.14 and 7° [6.4b] 


4. The volume ofa sphere with diameter 6 ft is less than the volume of a rectangular solid that 
measures 6 ft by 6 ft by 6 ft. [6.5a, c] 


. The measure of any obtuse angle is larger than the measure of any acute angle. [6.1c] 
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Important Concepts 


Objective 6.1b Name an angle in five different ways, and given an angle, measure it with a protractor. 


Example Name this angle in five different ways and Practice Exercise 


measure it with a protractor. 1. Name this angle in five different ways and measure it 


with a protractor, 
: an 
i N = 
We can name this angle as ‘A 
Ww 


angle BTN, angle NTB, ZBTN, ZNTB, or ZT. 
The measure of the angle is 148°. 


Objective 6.1c Classify an angle as right, straight, acute, or obtuse. 


Example Classify each angle as right, straight, acute, Practice Exercise 
or obtuse. 


a) | b) _/ 
ate Ze. 
Y 
xX 

, d 
Right: 90° Obtuse: Greater than © 

90° and less than 180° 

C 
D 
E 


Straight: 180° 


2. Classify each angle as right, straight, acute, or obtuse. 


Acute: Greater than 0° 
and less than 90° 


Objective 6.le Classify a triangle as equilateral, isosceles, or scalene and as right, obtuse, or acute. 


Example Classify each triangle as equilateral, isosceles, Practice Exercise 


or scalene. Then classify it as right, obtuse, or acute. 3. Classify each triangle as equilateral, isosceles, or 


a) b) za scalene. Then classify it as as obtuse or acute. 


5 ll 
Ti 15 
Scalene; obtuse 


Scalene; right 10.2 


c) 9 d) 
15 
4 4 a a 
12 12 a 
4 


Isosceles; acute Equilateral; acute 


0.2 10.2 
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Objective 6.1f Given two of the angle measures of a triangle, find the third. 


Example Find the missing angle measure. 
mZA + mZB+ mZC = 180° 


c x + 130° + 28° = 180° 
28° x + 158° = 180° 
x = 180° — 158° 
ri Peat: ny x = 29° 


The measure of ZA is 22°. 


Practice Exercise 
4. Find the missing angle measure. 


_ 


Objective 6.1f Given a polygon of n sides, find the sum of its angle measures using the formula (n — 2) - 180°. 


Example Find the sum of the angle measures of a 
12-sided (dodecagon) polygon. 


(n — 2) - 180° = (12 — 2) - 180° = 10- 180° 
= 1800° 


Practice Exercise 


5. Find the sum of the angle measures of a 9-sided 


(nonagon) polygon. 


Objectives 6.2a and 6.3a Find the perimeter of a polygon. Find the area of a rectangle and a square. 


Example Find the perimeter and the area of this rectangle. 


2-(1+ w) 
2-(4.3m + 2.7m) 
2-(7m) 

14m 

A=I-w 

4.3m-2.7m 

11.61 m2 


P= 


ll 


ll 


Practice Exercise 


6. Find the perimeter and the area of this rectangle. 


8.2 ft 


Objective 6.3b Find the area of a parallelogram, a triangle, and a trapezoid. 


Example Find the area of this parallelogram. 
A=b-h 
1 1 
="2.— oa 
3d loyd 


5 4 
2°3° Yd yd 


ll 


_ 20 15 
— | yd 


ll 


1 1 
2 yd?, or3 _ yd? 


Practice Exercises 


7. Find the area of this parallelogram. 
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Objective 6.3b (continued) 


Find the area of this triangle. 8. Find the area of this triangle. 


- 30.6cm - 10cm 


- 30.6-10- 


le NMI Mle 


le-3.5 fs 
= 153 cm? 


Find the area of this trapezoid. 9. Find the area of this trapezoid. 


5m 


A=-—-h- (a+b) 


xX 12in. x (6in. + 18 in.) 


le Mle Ne 


xX 12in. X (24 in.) 
12X24.» 

2 
144 in? 


Objective 6.4b Find the circumference of a circle given the length of a diameter or a radius. 


Example Find the circumference of this circle. Use 3.14 Practice Exercise 


for 77. 10. Find the circumference of this circle. Use 3.14 for 7. 


C=7-d, or 2:7°'r 
=~ 2X 3.14 x 4ft 
= 25.12 ft 


Objective 6.4c Find the area of a circle given the length of a diameter or a radius. 


‘ won 22 Practice Exercise 
Example Find the area of this circle. Use 7 for 7. 


22 
2 11. Find the area of this circle. Use 7 for 77. 


A=T7:r:r, OF Tr 
22 
ae ae 
22:21:21 
= ——_ mm 
7 
1386 mm? 
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a 
Objective 6.5a Find the volume and the surface area of a rectangular solid. 


Example Find the volume and the surface area of this Practice Exercise 
rectangular solid. 12. Find the volume of this rectangular solid. 
y V=l-w-h d ba 
= 3yd X 2.6yd X 7.1yd | : 
= 55.38 yd 15 
7.1yd <aEF ii 
SA = 2lw + 2lh + 2wh 
=2:-3yd-2.6yd + 2-3yd-7.1yd 
+2-26yd-7.1yd 
2.6 yd 


= 2 
3 yd 95.12 yd 


Objective 6.5b Given the radius and the height, find the volume of a circular cylinder. 


Example Find the volume of this circular cylinder. Practice Exercise 
Use 3.14 for 77. 


22 
13. Find the volume of this circular cylinder. Use — for 77. 
V=B-h, or w-r?-h 7 


, 
3.14 X 1.4m X 1.4m X 2.7m - 
_ 3 
27m 16.61688 m 
= 5 
asters & 
1 


Objective 6.5c Given the radius, find the volume of a sphere. 


2 


ft 


oft 


Practice Exercise 


22 
Example Find the volume of this sphere. Use — for 77. 
7 14. Find the volume of this sphere. Use 3.14 for 77. 


7.4cm 


Objective 6.5d_ Given the radius and the height, find the volume of a circular cone. 


Example Find the volume of this circular cone. Use 3.14 Practice Exercise 


for 7. 15. Find the volume of this circular cone. Use 3.14 for 7. 


1 
ia i h, or —-aw-r?-h 
1 
aoe Sees 2 ee ae 
= 1695.6 cm 
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Objective 6.6a Find the measure of a complement or a supplement of a given angle. 


Example Find the measure of a complement and a Practice Exercise 
supplement of an angle that measures 65°. 16. Find the measure of a complement and a supplement 
The measure of the complement of angle of 65° is of an angle that measures 38°. 
90° — 65°, or 25°. 
The measure of the supplement of an angle of 65° is 
180° — 65°, or 115°. 


Objective 6.6c Use the Vertical Angle Property to find measures of angles. 
Example In the figure below, m 22 = 110° andm 4 = 41°. Practice Exercise 


Find m 41,m 23, mZ5, and m46. 17. In the figure below, m 28 = 65° and m 12 = 55°. Find 
mZ7,mZ9,mZ10,andm/11. 


Since 22 and Z5 are vertical angles, mZ5 = 110°. 
Likewise, 74 and £1 are vertical angles, som 1 = 41°. 


mZ1+mZ2 + mZ3 = 180° 
41° + 110° + mZ3 = 180° 
mZ3 = 180° — 151° 
mZ3 = 29° 
Since 73 and 46 are vertical angles, mZ6 = 29°. 


Objective 6.6d Apply properties of transversals and parallel lines to find measures of angles. 


Example If a||band m3 = 37°, what are the measures Practice Exercise 


2 
of the other angles’ 18. In the figure below, if c|| d and m5 = 105°, what are 
the measures of the other angles? 


Using Property 2, 27 = 37°. Using the Vertical Angle 
Property, m5 = 37° and m1 = 37°. Using Property 4, 
angles 3 and 2 are supplementary and angles 6 and 7 are 
supplementary. Thus, m 22 = 180° — 37° = 143° and 
mZ6 = 180° — 37° = 143°. Then using the Vertical Angle 
Property, m 24 = mZ6 = 143° and m8 = mZ2 = 143°. 
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a 
Objective 6.7a Show why triangles are congruent using SAS, SSS, and ASA. 


Example Which property (if any) should be used to show Practice Exercise 
that the pair of triangles is congruent? 19. Which property (if any) should be used to show that 


a) the pair of triangles is congruent? 
£™ £™ 
ASA 
b) 
SSS, or SAS 
b) \ Y N\ VY 


Objective 6.7b Use properties of parallelograms to find lengths of sides and 
measures of angles of parallelograms. 


Example The perimeter of 7MNOP is 57. Find the length Practice Exercise 
of the sides of the parallelogram and the measures of the 20. The perimeter of CABCD is 237. Find the lengths of 
angles of the parallelogram. the sides of the parallelogram and the measures of the 
O angles of the parallelogram. 
B 
1 
85 A 
M P 45.5 
Cc 
The opposite sides of a parallelogram are congruent. 
Since PO = 85, MN = 83.Then Perimeter = MN + PO + 
MP + NO = 83 + 85 + MP + NO = 57, or MP + NO = 40. 
Since MP = NO, we know that MP = 20 and NO = 20. 
The opposite angles of a parallelogram are congruent. 
Thus, mZP = 115° and mZN = 115°. Since consecutive an- 
gles of a parallelogram are supplementary, m 2M = 
mZO = 180° — 115° = 65°. 
Objective 6.8b Find lengths of sides of similar triangles using proportions. 
Example If AFDE ~ ATZW, find TZ and WZ. Practice Exercise 
T 21. If AQBX ~ AZAT, find ZA and AT. 
F B 
16 12 
8 75 150 
A 
oo : 1 
Q 175 xX Z 35 T 


Since AFDE ~ ATZW, the corresponding sides are 
proportional. Thus, 


8 16 8 10 
12. 1Z 12 WZ 
8(TZ) = 12-16 8(WZ) = 12 - 10 
8(TZ) = 192 8(WZ) = 120 

TZ = 24; WZ = 15. 
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Review Exercises 


Use a protractor to measure each angle. [6.1b] 15. Tennis Court. The dimensions of a standard-sized 
1. 2. tennis court are 78 ft by 36 ft. Find the perimeter and the 
P area of the tennis court. [6.2b], [6.3c] 


Q 
R 


Find the perimeter and the area. [6.2a], [6.3a] 


5.-8. Classify each of the angles in Exercises 1-4 as right, 
straight, acute, or obtuse. [6.1c] 


Use the following triangle for Exercises 9-11. 


3.5 
L] 


9 ft 
2 17. 
| 1.8cm 
7cm 


. Find the missing angle measure. [6.1f] 


. Classify the triangle as equilateral, isosceles, or Find the area. [6.3b] 
scalene. [6.le] 


. Classify the triangle as right, obtuse, or acute. [6.le] ay 


. Find the sum of the angle measures ofa hexagon. [6.11] 


Find the perimeter. [6.2a] 
13. 5 ft - 0. 
3 ft 


4 ft 


476 CHAPTER 6 Geometry 


Copyright © 2012 Pearson Education, Inc. 


| 15m | 


kk 11.4 yd 


17m 


| 212 in. | 


24. Seeded Area. A grassy area is to be seeded around 
three sides of a building and has equal width on the 
three sides, as shown below. What is the area of the 
seeded area? [6.3c] 


Find the length of a radius of each circle. [6.4a] 
25. 


26. 


Find the length of a diameter of each circle. [6.4a] 
27. 


28. 


Ow 


29. Find the circumference of the circle in Exercise 25. 
Use 3.14 for 7. [6.4b] 


30. Find the circumference of the circle in Exercise 26. 
Use “ for 7. [6.4b] 


31. Find the area of the circle in Exercise 25. Use 3.14 for 77. 
[6.4c] 
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32. Find the area of the circle in Exercise 26. Use = for 77. 
[6.4c] 


33. Find the area of the shaded region. Use 3.14 for 77. 
[6.4d] 


34. A “Norman” window is designed with dimensions as 


shown. Find its area and its perimeter. Use 3.14 for 7. 


[6.4d] 


as 


Find the volume and the surface area. [6.5a] 
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Find the volume. Use 3.14 for 77. 
37. [6.5b] 


[6.5b] 


| 
| 
I 
;12. cm 
| 
| 
) 


Pie. 


41. Find the measure of a complement of ZBAC. 


[6.6a] 
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Find the measure of a complement of an angle with the 
given measure. [6.6a] 


42. 82° 43. 5° 


Find the measure of a supplement of an angle with the 
given measure. [6.6a] 


44, 33° 45. 133° 


46. In this figure, m1 = 38° and mZ5 = 105°. Find m 22, 
mZ3,mZ4,andmZ6. [6.6c] 


47. In this figure, identify (a) all pairs of corresponding 
angles, (b) all interior angles, and (c) all pairs of 
alternate interior angles. [6.6d] 


48. If m||n and mZ4 = 135°, what are the measures of the 
other angles? [6.6d] 


Name the corresponding parts of these congruent 
triangles. [6.7a] 


49. ADH] = ARZK 


v - 


Which property (if any) should be used to show that the 
pair of triangles is congruent? [6.7a] 
51. 15 


20° 
130° 


sl 130 


15 


52. / 8 53. 
11 
11 
8 q x 


54. Jis the midpoint of IK and HI|| KL. Explain why 
AJIH = AJKL.  [6.7a] 


AH K 


55. Find the measures of the angles and the lengths of the 
sides of this parallelogram. [6.7b] 


B C 


23 
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56. If ACQW ~ AFAS, name the congruent angles and the 61. Find the area, in square meters, of the shaded region. 
proportional sides. [6.8a] [6.3c] 


57. If ANMO ~ ASTR, find MO. [6.8b] 1.8mm { 


58. Find the measure of a supplement of a 20 2° angle. 
[6.6a] 


1° Le 
A. 7 B. 159— 
3397 597 


1 1° 
. 69 — D. 70— 
C. 697 oF 


62. Find the area, in square centimeters, of the shaded 
region. [6.3c] 


for 7. [6.4c] has a height of 

ll 1.25cm anda 

A. — in? . i base of 1.05 cm 
9 


59. Find the area of a circle whose diameter is Es in. Use 22 <7 Each small triangle 


Synthesis 


60. A square is cut in half so that the perimeter of the 
resulting rectangle is 30 ft. Find the area of the original 
square. [6.2a], [6.3a] 


Understanding Through Discussion and Writing 


1. Explain a procedure that could be used to determine 4. Explain how you might use triangles to 
the measure of an angle’s supplement from the meas- find the sum of the angle measures of 
ure of the angle’s complement. [6.6a] this figure. [6.1f] 


. How could you use the volume formulas given in 
this section to help estimate the volume of an egg? . The design of a home includes a cylindrical tower that 
[6.5a, b,c, e] will be capped with either a 10-ft-high dome (half 

of a sphere) or a 10-ft-high cone. Which type of cap 
will be more energy-efficient and why? [6.5c, d] 
. Describe the difference among linear, area, and 


volume units of measure. [6.2al, [6.3al, [6.5a] . Which occupies more volume: two spheres, each with 


radius r, or one sphere with radius 27? Explain why. [6.5c] 
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For Extra Help 


Test yA “Test | & Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
RO) Prep on DVD, in Mymathiab |) _ and on You{fi)° (search “BittingerDevMath” and click on “Channels"). 


Usea protractor to measure each angle. 


1. 2. 3. 4. 
S 
R 
Q 


5.-8. Classify each of the angles in Exercises 1-4 as right, straight, acute, or obtuse. 


Use the following triangle for Exercises 9-11. 9. Find the missing angle measure. 
H 10. Classify the triangle as equilateral, isosceles, or 
scalene. 
10 10 


11. Classify the triangle as right, obtuse, or acute. 


A [NF 


12. Find the sum of the angle measures of a pentagon. 


Find the perimeter and the area. 
13. 


7.01 cm 


ha 
9.4cm 45 in. 


Find the area. 
és 4ft 
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18. Find the length of a diameter of this circle. 


20. Find the circumference of the circle in Exercise 18. Use 
2 form. 


22. Find the perimeter and the area of the shaded region. 


Use 3.14 for 7. 


—— 18.6 km al 
9.0 km 


| 


19. Find the length of a radius of this circle. 


21. Find the area of the circle in Exercise 19. Use 3.14 for 7. 


23. Find the volume and the surface area. 


10.5 cm 


24. A twelve-box rectangular carton of 12-0z juice boxes measures 105 in. by 8 in. by 5 in. What is the volume of 


the carton? 


Find the volume. Use 3.14 for 77. 
25. 


15 ft 


5 ft 
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28. Find the measure of a complement and a supplement 
of ZCAD. 


30. If m||n and mZ4 = 120°, what are the measures of the 
other angles? 


29. In the figure, m 21 = 62° and mZ5 = 110°. Find m 22, 
m2Z3,mZ4,and m 46. 


31. Name the corresponding parts of these congruent 
triangles: ACWS = AATZ. 


Which property (if any) would you use to show that ARST = ADEF with the given information? 


Bye, 1S) SS IDE, RT = OYE, eiael AR SS -ZID) 


IR 
q 


as, Zin = AD) 23 = Ze, aul Zi 


34. RS = DE, ZR = ZD, and ZS = ZE 


R D 


Gi Aik = Zip), IR = IDA, auayel Gr = fee 


Test: Chapter 6 483 


36. The perimeter of (7DEFG is 62. Find the measures of 37. In CJKLM, JN = 3.2 and KN = 3. Find the lengths of the 
the angles and the lengths of the sides. diagonals, LJ and KM. 


D 15 J K 
it Me 


G F M i 
38. If AERS ~ ATGF, name the congruent angles and the 39. If AGTR ~ AZEK, find EK and ZK. 
proportional sides. 
E 
24 
Hh, us 8 
6 G 
, 9 
R 
K 


40. Find the volume of a sphere whose diameter is 42 cm. 


22 
Use 7 for 7r. 


A. 310, 464 cm? B. 9702 cm? 
C. 1848 cm3 D.38,808 cm? 
Synthesis 


Find the area of the shaded region. (Note that the figures are not drawn in perfect proportion.) Give the answer in square feet. 


Al. 7 42. 


Sin. 


4 
> a 


Find the volume of the solid. (Note that the solids are not drawn in perfect proportion.) Give the answer in cubic feet. Use 3.14 
for 7 and round to the nearest thousandth in Exercises 44 and 45. 


kk aft 


44, 


4.5 ft 
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7.1 Introduction to Algebra 
7.2 The Real Numbers 
7.3 Addition of Real Numbers 


7.4 Subtraction of Real Numbers 

MID-CHAPTER REVIEW 

7.5 Multiplication of Real Numbers 

7.6 Division of Real Numbers 

7.7 Properties of Real Numbers 

7.8 Simplifying Expressions; 
Order of Operations 


SUMMARY AND REVIEW 
TEST 


Real-World Application 


The tallest mountain in the world, when measured from base to peak, is Mauna Kea 
(White Mountain) in Hawaii. From its base 19,684 ft below sea level in the Hawaiian 
Trough, it rises 33,480 ft. What is the elevation of the peak above sea level? 


Source: The Guinness Book of Records 


This problem appears as Exercise 71 in Exercise Set 7.3. 
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Mountain Peaks in the United States 


21 90,320 


Height (feet, in thousands) 


SOURCE: U.S. Department of the Interior, Geological Survey 


1. Translate this problem to an equa- 
tion. Then solve the equation. 


Mountain Peaks. There are 

92 mountain peaks in the 

United States that are higher 
than 14,000 ft. The bar graph 
above shows data for six of 
these. How much higher is 

Mt. Fairweather than Mt. Rainier? 


Answer 
1. 14,410 + x = 15,300; 890 ft 


The study of algebra involves the use of equations to solve problems. Equa- 
tions are constructed from algebraic expressions. The purpose of this section 
is to introduce you to the types of expressions encountered in algebra. 


(a) Evaluating Algebraic Expressions 


In arithmetic, you have worked with expressions such as 
5 
49 + 75, 8 X 6.07, 29 — 14, and 6 


In algebra, we can use letters to represent numbers and work with algebraic 
expressions such as 


x + 75, 8x y, 29 -—t, and . 
Sometimes a letter can represent various numbers. In that case, we call the 
letter a variable. Let a = your age. Then a is a variable since a changes from 
year to year. Sometimes a letter can stand for just one number. In that case, 
we Call the letter a constant. Let b = your date of birth. Then b is a constant. 

Where do algebraic expressions occur? Most often we encounter them 
when we are solving applied problems. For example, consider the bar graph 
shown at left, one that we might find in a book or a magazine. Suppose we 
want to know how much higher Mt. McKinley is than Mt. Evans. Using arith- 
metic, we might simply subtract. But let’s see how we can determine this 
using algebra. We translate the problem into a statement of equality, an equa- 
tion. It could be done as follows: 


Height of How much Height of 
Mt. Evans _ plus more is Mt. McKinley 
14,264 + Bs = 20,320. 


Note that we have an algebraic expression, 14,264 + x, on the left of the 
equals sign. To find the number x, we can subtract 14,264 on both sides of 
the equation: 


14,264 + x = 20,320 
14,264 + x — 14,264 = 20,320 — 14,264 
x = 6056. 


This value of x gives the answer, 6056 ft. 

We call 14,264 + x an algebraic expression and 14,264 + x = 20,320 
an algebraic equation. Note that there is no equals sign, =, in an algebraic 
expression. 

In arithmetic, you probably would do this subtraction without ever con- 
sidering an equation. In algebra, more complex problems are difficult to solve 
without first writing an equation. 


Do Exercise 1. 
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An algebraic expression consists of variables, constants, numerals, oper- 
ation signs, and/or grouping symbols. When we replace a variable with a 
number, we say that we are substituting for the variable. When we replace all 
of the variables in an expression with numbers and carry out the operations 
in the expression, we are evaluating the expression. 


EXAMPLE 1 Evaluate x + ywhenx = 37 andy = 29. 
We substitute 37 for x and 29 for y and carry out the addition: 


x y= 37 + ZO = 66. 
The number 66 is called the value of the expression when x = 37 and 
729. b 

Algebraic expressions involving multiplication can be written in several 

ways. For example, “8 times a” can be written as 

8 Xa, 8-4, 8(a), orsimply 8a. 
Two letters written together without an operation symbol, such as ab, also 
indicate a multiplication. 
EXAMPLE 2 Evaluate 3y wheny = 14. 

3y = 3(14) = 42 j 


Do Exercises 2-4. 


EXAMPLE 3 Area of a Rectangle. The area A ofa rectangle of length / 
and width w is given by the formula A = Jw. Find the area when / is 24.5 in. 
and w is 16 in. 


We substitute 24.5 in. for / and 16 in. for w and carry out the multiplication: 
A = lw = (24.5in.)(16 in.) 
= (24.5)(16)(in.)(in.) 
= 392 in, or 392 square inches. 


Do Exercise 5. 


Algebraic expressions involving division can also be written in several 
ways. For example, “8 divided by ?’ can be written as 


1 
8 = f, a 8/t, or ar 


where the fraction bar is a division symbol. 


EXAMPLE 4 Evaluate | when a = 63 andb = 9. 


We substitute 63 for a and 9 for b and carry out the division: 


a 63 
= i 7, 
b 9 


= 


EXAMPLE 5 Evaluate ~"” when m = 8andn = 16. 


2. Evaluate a + bwhena = 38 
and b = 26. 


3. Evaluate x — ywhen x = 57 
andy = 29. 


4. Evaluate 4t when t = 15. 


5. Find the area of a rectangle 
when Lis 24 ft and wis 8 ft. 


Answers 
2.64 3.28 4.60 5. 192ft2 
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6. Evaluate a/b when a = 200 
and b = 8. 


7. Evaluate 10p/q when p = 40 
and q = 25. 


8. Motorcycle Travel. Find the 
time it takes to travel 660 mi if 
the speed is 55 mph. 


To the student: At the front of 
the text, you will find a Student 
Organizer card. This pullout 
card will help you keep track of 
important dates and useful 
contact information. You can 
also use it to plan time for class, 
study, work, and relaxation. By 
managing your time wisely, you 
will provide yourself the best 
possible opportunity to be 
successful in this course. 


Do Exercises 6 and 7. | 


' EXAMPLE 6 Motorcycle Travel. Ed wants to travel 660 mi on his motor- 


cycle on a particular day. The time ¢, in hours, that it takes to travel 660 mi is 
given by 
_ 660 


t , 
r 


where r is the speed of Ed’s motorcycle. Find the time of travel if the speed 
ris 60 mph. 


We substitute 60 for r and carry out the division: 


pl OON ON tae 
r 60 ) 


Do Exercise 8. | 
(b) Translating to Algebraic Expressions 


In algebra, we translate problems to equations. The different parts of an 
equation are translations of word phrases to algebraic expressions. It is easier 
to translate if we know that certain words often translate to certain operation 
symbols. 


KEY WORDS, PHRASES, AND CONCEPTS 


ADDITION (+) SUBTRACTION (—) MULTIPLICATION (+) DIVISION ( +) 
add subtract multiply divide 
added to subtracted from multiplied by divided by 
sum difference product quotient 
total minus times 

plus less than of 

more than decreased by 

increased by | take away 


EXAMPLE 7 Translate to an algebraic expression: 
Twice (or two times) some number. 


Think of some number, say, 8. We can write 2 times 8 as 2 X 8, or 2: 8. 
We multiplied by 2. Do the same thing using a variable. We can use any vari- 
able we wish, such as x, y, m, or n. Let’s use y to stand for some number. If we 
multiply by 2, we get an expression 


yX 2, 2xXy, 2-y, or 2y. 


In algebra, 2y is the expression generally used. ) 


EXAMPLE 8 Translate to an algebraic expression: 
Thirty-eight percent of some number. 


Let n = the number. The word “of” translates to a multiplication symbol, 
so we could write any of the following expressions as a translation: 


38% -n, 0.38Xn, or 0.38n. ) 


Answers 
6.25 7.16 8. 12hr 
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EXAMPLE 9 Translate to an algebraic expression: 
Seven less than some number. 


We let x represent the number. If the number were 10, then 7 less than 10 
is 10 — 7, or 3. If we knew the number to be 34, then 7 less than the number 
would be 34 — 7. Thus if the number is x, then the translation is 


pie fe 


Caution! 


Note that 7 — x is nota correct translation of the expression in Example 9. 
The expression 7 — x is a translation of “seven minus some number” or 
“some number less than seven.” 


EXAMPLE 10 Translate to an algebraic expression: 
Eighteen more than a number. 


We let t = the number. Now if the number were 6, then the translation 
would be 6 + 18, or 18 + 6. If we knew the number to be 17, then the transla- 
tion would be 17 + 18, or 18 + 17. If the number is ¢ then the translation is 


t+ 18, or 18+. 


EXAMPLE 11 Translate to an algebraic expression: 
A number divided by 5. 


We let m = the number. Now if the number were 7, then the translation 
would be 7 + 5, or 7/5, or 2. If the number were 21, then the translation 


would be 21 ~ 5, or 21/5, or 2. If the number is m, then the translation is Translate each phrase to an alge- 
braic expression. 
m+5 m/5, or am 9. Eight less than some number 
a] t 5 * 


10. Eight more than some number 
EXAMPLE 12 Translate each phrase to an algebraic expression. 
11. Four less than some number 


PHRASE ALGEBRAIC EXPRESSION 


12. Half of some number 


Five more than some number i ae Sy Or SD 4F i 


13. Six more than eight times some 


Me 
Half of a number ah 57 Ot t/2 number 
Five more than three times some number Sa + &, Ord + Sp 14. The difference of two numbers 
The difference of two numbers B= y 


15. Fifty-nine percent of some 


iM, = 3 
number 


76%2z, or 0.76Z 
Ze = ah 


Six less than the product of two numbers 
Seventy-six percent of some number 
Four less than twice some number 


16. Two hundred less than the 
product of two numbers 


17. The sum of two numbers 


Do Exercises 9-17. 


Answers 
9x-8 10. y+8,or8+y 
ll. m—4 12 = a 

, a) Dp; 7) 


13. 8x + 6,or6+ 8x 14.a—b 
15. 59%x, or 0.59x 16. xy — 200 
17.p+q 
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For Extra Help 
MyMathLab 


ving TE G = & 


PRACTIC. WATCH DOWNLOAD READ REVIEW. 


(a) Substitute to find values of the expressions in each of the following applied problems. 


1. 


3. 


a 


. Hockey Goal. 


Commuting Time. It takes Erin 24 min less time to 
commute to work than it does George. Suppose that the 
variable x stands for the time it takes George to get to 
work. Then x — 24 stands for the time it takes Erin to get 
to work. How long does it take Erin to get to work if it 
takes George 56 min? 93 min? 105 min? 


Area ofaTriangle. The area A ofa triangle with base b 
and height h is given by A = $bh. Find the area when 
b = 45m (meters) andh = 86m. 


Distance Traveled. A driver who drives at a constant 
speed of r miles per hour for ¢ hours will travel a 
distance of d miles given by d = rt miles. How far will a 
driver travel at a speed of 65 mph for 4 hr? 


The front of a regulation hockey goal is 


a rectangle that is 6 ft wide and 4 ft high. Find its area. 
Source: National Hockey League 
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2. Enrollment Costs. 


4 


7 


At Emmett Community College, it 
costs $600 to enroll in the 8 A.M. section of Elementary 
Algebra. Suppose that the variable n stands for the 
number of students who enroll. Then 6007 stands for 
the total amount of money collected for this course. 
How much is collected if 34 students enroll? 

78 students? 250 students? 


Area of a Parallelogram. The area A ofa parallelogram 
with base b and height h is given by A = bh. Find the 
area of the parallelogram when the height is 15.4 cm 
(centimeters) and the base is 6.5 cm. 


Simple Interest. The simple interest J on a principal of 
P dollars at interest rate r for time ¢, in years, is given by 
I = Prt. Find the simple interest on a principal of $4800 
at 9% for 2 years. (Hint: 9% = 0.09.) 


8. Zoology. A great white shark has triangular teeth. Each 


tooth measures about 5 cm across the base and has a 
height of 6 cm. Find the surface area of one side of one 
tooth. (See Exercise 3.) 
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Evaluate. 


9 


11. 


13. 


. 8x, when x = 7 


© when c = 24andd = 3 


3p 
gee 2andq=6 


x+y 

15. : , when x = 10 and y = 20 
x—y 

17. —z? When x = 20andy = 4 


19 


21. 


23. 


25. 


27. 


29. 


31. 


33. 


35. 


37. 


39. 


41. 


43. 


45. 


47. 


. Seven more than some number 


Twelve less than some number 


Some number increased by four 


b more than a 


x divided by y 


x plus w 


m subtracted from n 


The sum of two numbers 


Twice some number 


Three multiplied by some number 


Six more than four times some number 


Eight less than the product of two numbers 


Five less than twice some number 


Three times some number plus eleven 


The sum of four times a number plus three times 
another number 


10 


12. 


14. 


16. 


18. 


20. 


22. 


24. 


26. 


28. 


30. 


32. 


34. 


36. 


38. 


40. 


42. 


44, 


46. 


48. 


6y, when y = 7 


when P = l6andq = 2 


Sy 
—, when y = 15andz = 25 
Z 


+ 
P 1 when p = 2andq = 16 
m "when m = l6andn =6 


Translate each phrase to an algebraic expression. Use any letter for the variable(s) unless directed otherwise. 


Nine more than some number 


Fourteen less than some number 


Some number increased by thirteen 


c more than d 


c divided by h 


s added to t 


p subtracted from q 


The sum of nine and some number 


Three times some number 


The product of eight and some number 


Two more than six times some number 


The product of two numbers minus seven 


Six less than seven times some number 


Some number times 8 plus 5 


Five times a number minus eight times another 
number 
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49. The product of 89% and your salary 


51. Your salary after a 5% salary increase if your salary 
before the increase was s 


53. Danielle drove at a speed of 65 mph for t hours. How far 
did Danielle travel? (See Exercise 5.) 


55. Lisa had $50 before spending x dollars on pizza. How 
much money remains? 


57. Robert’s part-time job pays $8.50 per hour. How much 
does he earn for working 7 hours? 


Skill Maintenance 


Find the prime factorization. [1.7d] 
59. 54 60. 32 61. 108 


Find the LCM. [1.9a] 


64. 6, 18 65. 6, 24, 32 
Synthesis 
Evaluate. 
—2b+ 
69. se ade, = 20,b = 10,andc=5 
4b-a 
12:—=..¢ 
71. ce pp’ When b= 1landc = 12 


66. 10, 20, 30 


50. 67% of the women attending 


52. The price of a blouse after a 30% reduction if the price 
before the reduction was P 


54. Dino drove his pickup truck at 55 mph for ¢ hours. How 
far did he travel? (See Exercise 5.) 


56. Juan has d dollars before spending $29.95 on a DVD of 
the movie Chicago. How much did Juan have after the 
purchase? 


58. Meredith pays her babysitter $10 per hour. What does it 
cost her to hire the sitter for m hours? 


62. 192 63. 1023 
67. 16, 24, 32 68. 18, 36, 44 
2 
70. eee + —, when x = 30 andy = 6 
yx y 
2w — 3. 
72. fw ~ 9% when w =5,y=6,andz=1 


wy 
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A set is a collection of objects. (See Appendix E for more on sets.) For our 
purposes, we will most often be considering sets of numbers. One way to 
name a set uses what is called roster notation. For example, roster notation 
for the set containing the numbers 0, 2, and 5 is {0, 2, 5}. 

Sets that are part of other sets are called subsets. In this section, we 
become acquainted with the set of real numbers and its various subsets. 

Two important subsets of the real numbers are listed below using roster 
notation. 


NATURAL NUMBERS 


The set of natural numbers = {1, 2,3,...}. These are the numbers 
used for counting. 


WHOLE NUMBERS 


The set of whole numbers = {0, 1, 2,3,...}. This is the set of natural 
numbers and 0. 


We can represent these sets on the number line. The natural numbers are 
to the right of zero. The whole numbers are the natural numbers and zero. 


Natural numbers 
A 


Whole numbers 


We create a new set, called the integers, by starting with the whole num- 
bers, 0, 1, 2, 3, and so on. For each natural number 1, 2, 3, and so on, we 
obtain a new number to the left of zero on the number line: 


For the number 1, there will be an opposite number —1 
(negative 1). 


For the number 2, there will be an opposite number —2 
(negative 2). 


For the number 3, there will be an opposite number —3 
(negative 3), and so on. 


The integers consist of the whole numbers and these new numbers. 


The set of integers = {..., —5,—4, —3, —2, -1,0,1,2,3,4,5,...}. 


7.2 


The Real Numbers 
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We picture the integers on the number line as follows. 
Integers 
0, neither positive nor negative 


Negative integers 
= 


Positive integers 
AN 


i ! | faye Ly 
I, alee al 1 rT 
=—6=5=4=3 =2=1. 0 1.23 4.5 6 


Opposites 


We call the integers to the left of zero negative integers. The natural numbers 
are also called positive integers. Zero is neither positive nor negative. We call 
—1 and 1 opposites of each other. Similarly, —2 and 2 are opposites, —3 and 3 
are opposites, —100 and 100 are opposites, and 0 is its own opposite. Pairs of 
opposite numbers like —3 and 3 are the same distance from zero. The integers 
extend infinitely on the number line to the left and right of zero. 


a) Integers and the Real World 


Integers correspond to many real-world problems and situations. The follow- 
ing examples will help you get ready to translate problem situations that 
involve integers to mathematical language. 


EXAMPLE 1 Tell which integer corresponds to this situation: The tempera- 
ture is 4 degrees below zero. 


20 Temperature: 

30 High: +11° 
40 Low: -4° 
50 

60 Humidity: 60% 


The integer —4 corresponds to the situation. The temperature is —4°. 


EXAMPLE 2 “Jeopardy.” Tell which integer corresponds to this situation: 
A contestant missed a $600 question on the television game show “Jeopardy.” 


Sooooo 


e* Missing a $600 question 
$600 means —600. 


| vo 


Missing a $600 question causes a $600 loss on the score—that is, the con- 
testant earns —600 dollars. 
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' EXAMPLE 3. Elevation. Tell which integer corresponds to this situation: 
The shores of California’s largest lake, the Salton Sea, are 227 ft below sea level. 
Source: Salton Sea Authority 


Tell which integers correspond to 
each situation. 


1. Temperature High and Low. 
The highest recorded tempera- 
ture in Nevada is 125°F on 
June 29, 1994, in Laughlin. The 
lowest recorded temperature in 
Nevada is 50°F below zero on 
January 8, 1937, in San Jacinto. 


Source: National Climatic Data Center, 
Asheville, NC, and Storm Phillips, 
STORMFAX, INC. 


2. Stock Decrease. The price of 
a stock decreased $3 per share 


The integer —227 corresponds to the situation. The elevation is —227 ft. eta les 


} 3. At 10 sec before liftoff, ignition 
occurs. At 148 sec after liftoff, 
' EXAMPLE 4. Stock Price Change. Tell which integers correspond to this the first stage is detached from 
situation: Hal owns a stock whose price decreased $16 per share over a recent the rocket. 
period. He owns another stock whose price increased $2 per share over the 
same period. 4. The halfback gained 8 yd on 


first down. The quarterback 
The integer —16 corresponds to the decrease in the value of the first cease ekedtar 3 5-yd loss on 


stock. The integer 2 represents the increase in the value of the second stock. aecondl dom. 


J 
5. Asubmarine dove 120 ft, rose 


Do Exercises 1-5. 50 ft, and then dove 80 ft. 
(b) The Rational Numbers 


We created the set of integers by obtaining a negative number for each natu- 
ral number and also including 0. To create a larger number system, called the 
set of rational numbers, we consider quotients of integers with nonzero divi- 
sors. The following are some examples of rational numbers: 


2 2 2 1 
’ , a A, 3, 0, a ) 2.4, —0.17, 10—. 
3 ioe | —8 2 
The number —§ (read “negative two-thirds”) can also be named 3 or 4 
that is, 
aft 
bb —b 


The number 2.4 can be named % or 2, and —0.17 can be named — 745. We can 
describe the set of rational numbers as follows. 


RATIONAL NUMBERS 


a 
The set of rational numbers = the set of numbers — , 
b Answers 


where a and bare integers and b is not equal to 0 (b # 0). 1. 125;-50 2. The integer —3 corresponds 
to the decrease in the stock’s value. 
3. -10;148 4. 8;-5 5. —120;50; -80 
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Graph on the number line. 


Note that this new set of numbers, the rational numbers, contains the 
whole numbers, the integers, the arithmetic numbers (also called the non- 
negative rational numbers), and the negative rational numbers. 

We picture the rational numbers on the number line as follows. 


Negative rational 9 Positive rational 


numbers numbers 
fe 
3 
Pe Ss 15 4 
}-@—{—e—} t +—e—t t + 
-4 -3 -2 -1 0 1 2 3 4 


To graph a number means to find and mark its point on the number line. 
Some rational numbers are graphed in the preceding figure. 


) EXAMPLE 5. Graph: 3. 
The number 3 can also be named 23, or 2.5. Its graph is halfway between 


2 and 3. 
5 
2 
<—— ++ + 4+ > 
=3 -2 -l 0 1 2 3 
. EXAMPLE 6 Graph: —3.2. 
The graph of —3.2 is 4 of the way from —3 to —4. 
—3.2 
<—}—#}-—_ +++ +—_ + > 
> -4 -3 —2 -l 0 1 2 


) EXAMPLE 7 Graph: %. 
The number *} can also be named 13, or 1.625. The graph is 3 of the way 


from 1 to 2. 


1 @nhlN 


Do Exercises 6-8. 


(¢) Notation for Rational Numbers 


Each rational number can be named using fraction notation or decimal notation. 


) EXAMPLE 8 Convert to decimal notation: —?. 


We first find decimal notation for 3. Since 3} means 5 ~ 8, we divide. 


0.625 
8) 5.000 
48 
“20 
16 
40 
40 
0 


Thus, 2 = 0.625, so —2 = —0.625. 
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Decimal notation for —3? is —0.625. We consider —0.625 to be a 


terminating decimal. Decimal notation for some numbers repeats. Find pee ee 
EXAMPLE 9 Convert to decimal notation: 4. 8 
0.6363... Dividing 6 
11),7.0000 acorn 
6 6 
40 Tk = 
3 3 
=.7 0 
6 6 
40 
3 3 
ae 
We can abbreviate repeating decimal notation by writing a bar over the (I Calculator Corner 
repeating part—in this case, we write 0.63. Thus, 5; = 0.63. Approximating Square 


Roots and z Square roots are 
found by pressing @y GQ. (Vis the 
second operation associated with the 
Sp key.) 

To find an approximation for V48, 
we press GD 7) @) ©) Gp. The 
approximation 6.92820323 is displayed. 

To find 8 - V/13, we press 
js). —2o0Oe eo Seis, = Sane DWH OO GB Ihe approxi- 

8 100 4 6 mation 28.8444102 is displayed. The 


Each rational number can be expressed in either terminating or 
repeating decimal notation. 


The following are other examples showing how rational numbers can be 
named using fraction notation or decimal notation: 


number 7r is used widely enough to have 


|_Do Exercises 9-11. __ SiS AACE EL its own key. (ar is the second operation 


- associated with the @y key.) 
d) The Real Numbers and Order To approximate zr, we press 
GD ) GB. The approximation 
Every rational number has a point on the number line. However, there are 3141592654 is displayed. 
some points on the line for which there is no rational number. These points 
correspond to what are called irrational numbers. Exercises: Approximate. 
What kinds of numbers are irrational? One example is the number 7, . V6 


which is used in finding the area and the circumference of a circle: A = ar? 


1 
and C = 2mr. ee ale 
Another example of an irrational number is the square 3. 15 - V20 

root of 2, named V2. It is the length of the diagonal of a 4, 29 + V42 
square with sides of length 1. It is also the number that 1 5. 7 
when multiplied by itself gives 2—that is, V2. - V2 = 2. 6. 29 
There is no rational number that can be multiplied by itself 
to get 2. But the following are rational approximations: 7. 7 + 13? 

8.5-a7+8-V237 


1.4 is an approximation of V2 because (1.4)? = 1.96; 


K J 
1.41 is a better approximation because (1.41)* = 1.9881; 
1.4142 is an even better approximation because (1.4142)? = 1.99996164. 
We can find rational approximations for square roots using a calculator. 
Answers 


9. -0.375 10. -0.54 11.13 
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Calculator Corner 


Negative Numbers on 
a Calculator; Converting to 
Decimal Notation We use the 
opposite key G) to enter negative num- 
bers on a graphing calculator. Note that 
this is different from the ©) key, which 
is used for the operation of subtraction. 
To convert —? to decimal notation, as in 


Example 8, we press ©) @) G@)@) 
Gi». The result is —0.625. 


m8 
e025 


Exercises: Convert each of the following 
negative numbers to decimal notation. 


1. == 2, = 
3. = 4. -2 
ee et 
7 s 8. a 


Decimal notation for rational numbers either terminates or repeats. 
Decimal notation for irrational numbers neither terminates nor repeats. 


Some other examples of irrational numbers are V3, —V8, V11, and 
0.121221222122221.... Whenever we take the square root of a number that is 
not a perfect square, we will get an irrational number. 

The rational numbers and the irrational numbers together correspond to 
all the points on the number line and make up what is called the real-number 
system. 


Irrational numbers 
V2 7 
je 


@v|H 


Real numbers 


| | 
1 I 
—4 -3 -2 -1 0 1 2 3 4 


Rational numbers 


REAL NUMBERS 


The set of real numbers = The set of all numbers corresponding to 
points on the number line. 


The real numbers consist of the rational numbers and the irrational 
numbers. The following figure shows the relationships among various kinds 
of numbers. 


Positive integers: 
pA Shoes 


Integers 


Negative integers: 


Rational numbers a Oye 


Rational numbers that are not 


2 =, 22 = 92 047,060 


Real A ; 
integers: 3, —5,—5)-3> 


numbers 


Irrational numbers: V2, 7, —V3, V13, 5.363663666...,... 


Order 


Real numbers are named in order on the number line, increasing as we move 
from left to right. For any two numbers on the line, the one on the left is less 
than the one on the right. 


< t—+—t t—t+—+—+ + 
-9 -8 -7 -6 -5 -4 -3 -2-1 0 12 3 4 5 67 8 9 


keel | 


We use the symbol < to mean “is less than.” The sentence —8 < 6 
means “—8 is less than 6.” The symbol > means “is greater than.” The sen- 
tence —3 > —7 means “—3 is greater than —7.” The sentences —8 < 6 and 
—3 > —7 are inequalities. 
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EXAMPLES Useeither < or > for to write a true sentence. 


10. 2 9 Since 2 is to the left of 9, 2 is less than 9, so 2 < 9. 
1l. —7 3 Since —7 is to the left of 3, we have —7 < 3. 
12. 6 || —-12 Since 6 is to the right of —12, then 6 > —12. 
13. —18 —5 Since —18 is to the left of —5, we have —18 < —5. 
14, -2.7(-)-3 The answer is —2.7 < —3. 
3 
oy Mae 15 
<—}+e—\_+_ e+} t +—e— t > 
-3 -2 -1 0 1 2 3 4 

15. 1.5 =2.7¢ The answer is 1.5 > —2.7. 
16. 1.38 [_] 1.83 The answer is 1.38 < 1.83. 
17. —3.45 1.32 The answer is —3.45 < 1.32. 
18. —4 0 The answer is —4 < 0. 
19. 5.8 0 The answer is 5.8 > 0. 
20.2014 We convert to decimal notation: 3} = 0.625 and 

7 5 7 

yz = 0.6363.... Thus, 5 < 77. 
21. =$ [)-3 The answer is —} < —}. 

1l 1 
. 3 
<—_+ *e t t oe—t cd 
3_53 -2 1 1 0 1 
5 2 

22. -22 (| -4 The answer is —22 > —4}. 


Do Exercises 12-19. 


Note that both —8 < 6 and 6 > —8 are true. Every true inequality yields 
another true inequality when we interchange the numbers or variables and 
reverse the direction of the inequality sign. 


ORDER; >, < 


a < balso has the meaning b > a. 


EXAMPLES Write another inequality with the same meaning. 


23. —3 > -8 The inequality -8 < —3 has the same meaning. 
24.a<—-5 The inequality —5 > a has the same meaning. 


A helpful mental device is to think of an inequality sign as an “arrow” with 
the arrowhead pointing to the smaller number. 


Do Exercises 20 and 21. 


Use either < or > for [_] to write a 
true sentence. 


ie =3 7 
1, <8 == 
| vo 
15. 3.1] -9.5 


2 5 
=| = 
3 9 
Wg 23 
ip === 
ar eT 
19. 0 [| -9.9 


Write another inequality with the 
same meaning. 


As =) < 7/ 


21.x>4 


Answers 


2< 13< 14> 15> 16> 
7< 18< 19> 20.7>-5 
21.4<x 
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Note that all positive real numbers are greater than zero and all negative 
real numbers are less than zero. 


Negative numbers a Positive numbers b 


| i 
T T 
a 0 b 
a<0 b>0 


If bis a positive real number, then b > 0. 


: If ais a negative real number, thena < 0. 
Write true or false. 5 


22, —4.=—6 
23.78 =78 Expressions like a = b and b = a are also inequalities. We read a = b 
, : as “a is less than or equal to b.” We read a = bas “a is greater than or equal 
3 to b.” 
1 = 2S = 
8 


EXAMPLES Write true or false for each statement. 

25. -3 554 True since —3 < 5.4 is true 

26. -3 = -3 True since —3 = —3 is true 

27. -5=1% False since neither —5 > 14 nor —5 = 1is true 


(= Calculator Corner 


Absolute Value The 
absolute-value operation is the first item 
in the Catalog on the 11-84 Plus graphing 
calculator. To find |—7], as in Example 


Do Exercises 22-24. | 


e) Absolute Value 


28 on the following page, we first press From the number line, we see that numbers like 4 and —4 are the same 
GD cred) GD to copy “abs(" to the distance from zero. Distance is always a nonnegative number. We call the 
home screen. (CATALOG is the second op- distance of a number from zero on the number line the absolute value of 
eration associated with the @) numeric the number. 
key.) Then we press =) @) Qp Gp. 
The result is 7. To find |—3] and express The distance of The distance of 
. —4 from 0 is 4. 4 from 0 is 4. 

the result as a fraction, we pie bed The absolute value The absolute value 
cnr) GI YO Bp of —4 is 4. of 4 is 4. 
GD © Gp. The result is 5. 4 

< { t { > 

=—4, 0 4 
abs(—7) 7 
y) 4 units 4 units 


abs(— 1/2) Frac 
1/2 


ABSOLUTE VALUE 


The absolute value of a number is its distance from zero on the 


Exercises: Find the absolute value. number line. We use the symbol |x| to represent the absolute value of 
1, |=] 2; \07| a number x. 
3. |0| 4. |6.48| 
5. |-12.7| 6. |—0.9| 
5 4 
> (=> 8. |— 
7.|-8 
> as 
Answers 


22. False 23. True 24. True 
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FINDING ABSOLUTE VALUE 


a) Ifanumber is negative, its absolute value is its opposite. 


b) Ifa number is positive or zero, its absolute value is the same as the 


number. 


! EXAMPLES Find the absolute value. 


28 
29 
30 
31 
32 


STUDY TIPS 


. |-7| The distance of —7 from 0 is 7, so |—7| = 7. 

. (12 The distance of 12 from 0 is 12, so |12| = 12. 

. |0| The distance of 0 from 0 is 0, so |0| = 0. 
3|.,.2.°3 

- bl=3 

. |—2.73| = 2.73 


| Do Exercises 25-28. a4: 


USING THIS TEXTBOOK 


You will find many Study Tips throughout the book. 
An index of all Study Tips can be found on the 
Bittinger Student Organizer at the front of the book. 
One of the most important ways to improve your 
math study skills is to learn the proper use of the 
textbook. Here we highlight a few points that we 
consider most helpful. 


e Be sure to note the special symbols (a) (b) (c), 


and so on, that correspond to the objectives you are to be 
able to master. The first time you see them is in the 
margin at the beginning of each section; the second 
time is in the subheadings of each section; and the 
third time is in the exercise set for the section. You will 
also find them referred to in the skill maintenance 
exercises in each exercise set, in the mid-chapter 
review, and in the review exercises at the end of the 
chapter, as well as in the answers to the chapter tests. 
These objective symbols allow you to refer to the 
appropriate place in the text whenever you need 

to review a topic. 


e Read and study each step of each example. The examples 
include important side comments that explain each 


Find the absolute value. 
25. |8| 26. |—9| 


28. |5.6] 


step. These carefully chosen examples and notes 
prepare you for success in the exercise set. 


Stop and do the margin exercises as you study a 
section. Doing the margin exercises is one of the 
most effective ways to enhance your ability to learn 
mathematics from this text. Don’t deprive yourself of 
its benefits! 


Note the icons listed at the top of each exercise set. 
These refer to the many distinctive multimedia study 
aids that accompany the book. 


Odd-numbered exercises. Usually an instructor 
assigns some odd-numbered exercises. When you 
complete these, you can check your answers at the 
back of the book. If you miss any, check your work in 
the Student's Solutions Manual or ask your instructor 
for guidance. 


Even-numbered exercises. Whether or not your 
instructor assigns the even-numbered exercises, 
always do some on your own. Remember, there are 
no answers given for the class tests, so you need to 
practice doing exercises without answers. Check your 
answers later with a friend or your instructor. 


Answers 
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For Extra Help 


MyMathLab 


mahi, G 


PRACTICE WATCH DOWNLOAD 


READ REVIEW 


‘b 


. Temperature Extremes. 


State the integers that correspond to the situation. 


. Death Valley. With an elevation of 282 ft below sea 


level, Badwater Basin in California’s Death Valley has 
the lowest elevation in the United States. 
Source: Desert USA 


2. Pollution Fine. 


The Massey Energy Company, the na- 
tion’s fourth largest coal producer, was fined $20 million 
for water pollution in 2008. 

Source: Environmental Protection Agency 


. On Wednesday, the temperature was 24° above zero. On 


Thursday, it was 2° below zero. 


The highest temperature 
ever created in a lab is 3,600,000,000°F. The lowest 
temperature ever created is approximately 460°F 
below zero. 

Sources: Live Science; Guinness Book of World Records 


. In bowling, the Alley Cats are 34 pins behind the Strikers 


going into the last frame. Describe the situation of 
each team. 


Graph the number on the number line. 


10 
t——}+—_+—_ ++ | 
3 -6-5-4-3-2-1 0123 45 6 
5.2 t——+—_+— +++ + 
-6-5-4-3-2-1 0123 45 6 
2 
4 +++ +$"+-_++> 
5 6-5-4-3-2-1 0123 45 6 
502 CHAPTER 7 


12. 


14. 


. A student deposited her tax refund of $750 in a savings 


account. Two weeks later, she withdrew $125 to pay 
technology fees. 


. Extreme Climate. Verkhoyansk, a river port in 


northeast Siberia, has the most extreme climate on the 
planet. Its average monthly winter temperature is 58.5°F 
below zero, and its average monthly summer tempera- 
ture is 56.5°F. 

Source: Guinness Book of World Records 


. During a video game, Maggie intercepted a missile worth 


20 points, lost a starship worth 150 points, and captured 
a landing base worth 300 points. 


17 
tt ot ot oh 
4 -6-5-4-3-2-1 0123 456 
4.78 <—++++++++++++++++-> 
-6-5-4-3-2-1 0123 45 6 
6 
2 + 44 +> 
11 -6-5-4-3-2-1 0123 456 
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Cc Convert to decimal notation. 


15 af 16 2s 17 2 18 a 19 — 
“ 8 * 16 “6 “3 "6 
5 2 11 1 1 
20. -— 21. = 22. —— 23. — 24, — 
12 3 9 10 4 
1 9 4 7 
25. —— 26. — 27. 28. —— 
2 8 25 20 
d Use either < or > for to write a true sentence. 
29. 8[ ]0 30. 3[_] 0 31. -8[ ]3 32. 6[ ]-6 
33. -8[ ]8 34. 0 [ ]-9 35. -8[ ]-5 36. —4[]-3 
37. -5[_]-11 38. -3 [|] -4 39. -6 | ]—-5 40. —10 [| ]-14 
Al. 2.14 [ ] 1.24 42, —3.3 [ | -2.2 43. —14.5 [_] 0.011 44. 17.2 [ ] -1.67 
1 2 5 3 
45. —12.88 [_] —6.45 46. —14.34 [_] -17.88 47. -=L] -= 48. —— [|_|] -— 
2 3 4 4 
=e ea ial Si ae a 
" 3 3 “4 4 “12 25 * 16 9 
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Write an inequality with the same meaning. 
53. -6 > x 54.x < 8 


Write true or false. 
57. -5 = -6 58. —7 = -10 


61. -3 = -11 62;=1.= =5 


{ e | Find the absolute value. 


65. |—3| 66. |—6| 

70. |—2.7| 71. |-30.4| 
0 

75. rr 76. |14.8| 


Skill Maintenance 


Convert to decimal notation. [4.2b] 


80. 232% 81. 63% 


Convert to percent notation. [4.3a] 


5 
84. — 85. — 
4 


Synthesis 


List in order from the least to the greatest. 


21 3 .5°3: 1 


88. Pa , Xo? 
32 4 686 


90. —5.16, —4.24, —8.76, 5.23, 1.85, —2.13 


56. 12=2f 


60.7 =7 


64.-5=7 


69. |0| 


83. 110% 


87. 


alo 


7 5 
91. —8—,7!, —-5, |-6l, 4, |3|, -8=, —100, 0, 1’, —, -— 
7 |-6|,4, [3], -85 7 


14 +67 
8 


Given that 0.3 = +and 0.6 = 4, express each of the following as a quotient or a ratio of two integers. 


92. 0.1 93. 0.9 
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94. 5.5 
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In this section, we consider addition of real numbers. First, to gain an under- 
standing, we add using the number line. Then we consider rules for addition. 


ADDITION ON THE NUMBER LINE 


To do the addition a + b on the number line, start at 0, move to a, and 
then move according to b. 


a) If bis positive, move from a to the right. 


b) Ifbis negative, move from a to the left. 
c) Ifbis 0, stay at a. 


| EXAMPLE1 Add: 3 + (—5). 


We start at 0 and move to 3. Then we move 5 units left since —5 is 
negative. 


=5 
ee 
| ae 
| —es| 
i. 86 ft | 
<—++++-++++++++++++44 
=9 =8 =7 =6 =6.=4.=3 -2-=-1 0.1 2 3 4 5 6 7 8 9 
3 + (-5) = -2 ’ 


| EXAMPLE 2 Add: —4 + (-3). 


We start at 0 and move to —4. Then we move 3 units left since —3 is 
negative. 


————e 
OR gas 
Se 
-9 -8 -7 -6 -5 -4 -3 -2-1 0 1 2 3 4 5 6 7 8 9 
Hi -a)o<9 ) 
| EXAMPLE 3 Add: -4+9. 
eS 
| -4 | 
| | 
<< —t  t oh  t oh o ho  oh h h t h 
=9 -§.-7 -6.-—5 =4 -3 -2.-1 0 1 2 4 5 6 7 8 9 
-4+9= ) 


STUDY TIPS 


SMALL STEPS LEAD TO 
GREAT SUCCESS 


What is your long-term goal for 
getting an education? How does 
math help you to attain that goal? 
As you begin this course, approach 
each short-term task, such as 
going to class, asking questions, 
using your time wisely, and doing 
your homework, as part of the 
framework of your long-term goal. 
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Add using the number line. 


i # (2) 


Answers 
1-3 2-3 3.-5 
4.4 5.0 6-2 
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r) 
| 


EXAMPLE 4 Add: —5.2 + 0. 


Stay at —5.2. 

| 

| 
SSS 


| 
| | | 
1 1 I T I I T 1 1 1 1 
“9-8 <7 -6 SB -2-3-2-1 0 1 23 4 5 6 7 88 


=5.2 


—5.2 + 0 = —5.2 


Do Exercises 1-6. 


a) Adding Without the Number Line 


You may have noticed some patterns in the preceding examples. These lead 
us to rules for adding without using the number line that are more efficient 
for adding larger numbers. 


RULES FOR ADDITION OF REAL NUMBERS 


1. Positive numbers: Add the same as arithmetic numbers. The 
answer is positive. 


2. Negative numbers: Add absolute values. The answer is negative. 
3. A positive number and a negative number: 
e Ifthe numbers have the same absolute value, the answer is 0. 


e Ifthe numbers have different absolute values, subtract the 
smaller absolute value from the larger. Then: 


a) If the positive number has the greater absolute value, the 
answer is positive. 


b) If the negative number has the greater absolute value, the 
answer is negative. 


4. One number is zero: The sum is the other number. 


Rule 4 is known as the identity property of 0. It says that for any real 
number a,a + 0 = a. 


EXAMPLES Add without using the number line. 


5. —12 + (-7) = —-19 Two negatives. Add the absolute values: 
|-12| + |-7| = 12 + 7 = 19. Make the 
answer negative: —19. 


6. -14 + 85 = 7.1 One negative, one positive. Find the absolute 
values: |—1.4| = 1.4; |8.5| = 8.5. Subtract the 
smaller absolute value from the larger: 

8.5 — 1.4 = 7.1. The positive number, 8.5, has 
the larger absolute value, so the answer is 
positive: 7.1. 


7. —36 + 21 = -15 One negative, one positive. Find the absolute 
values: |—36| = 36; |21| = 21. Subtract the 
smaller absolute value from the larger: 

36 — 21 = 15. The negative number, —36, has 
the larger absolute value, so the answer is 
negative: —15. 
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8. 1.5 +(-1.5) =0 The numbers have the same absolute value. 


The sum is 0. 


7 7 7 
9. “3 +0= = 5 One number is zero. The sum is 3 
10. —9.2 + 3.1 = -6.1 
9 6 
ll, -—+—-=—=3 
2 2 
12. 2 5 16 15 1 
3 8 24 24 24 


Do Exercises 7-20. 


Suppose we want to add several numbers, some positive and some nega- 
tive, as follows. How can we proceed? 
15 + (-2) + 7+ 14 + (-5) + (-12) 


We can change grouping and order as we please when adding. For instance, 
we can group the positive numbers together and the negative numbers 
together and add them separately. Then we add the two results. 


EXAMPLE 13 Add: 15 + (—2) + 7+ 14 + (—5) + (—12). 

a) 15+7+14=36 

b) —2 + (-5) + (-12) = -19 
36 + (-19) = 17 


Adding the positive numbers 


Adding the negative numbers 
Adding the results in (a) and (b) 


We can also add the numbers in any other order we wish, say, from left to 
right as follows: 


15 + (-2) + 7+ 14+ (-5) + (-12) = 13+ 7+ 14 + (—-5) + (-12) 
= 20 + 14 + (—-5) + (12) 
= 34 + (-5) + (-12) 
= 29 + (=12) 
= 17 
Do Exercises 21-24. 


‘b) Opposites, or Additive Inverses 


Suppose we add two numbers that are opposites, such as 6 and —6. The result 
is 0. When opposities are added, the result is always 0. Opposites are also called 
additive inverses. Every real number has an opposite, or additive inverse. 


OPPOSITES, OR ADDITIVE INVERSES 


Two numbers whose sum is 0 are called opposites, or additive 
inverses, of each other. 


Add without using the number line. 


7. —5 + (-6) 8. —9 + (-3) 
9.-4+6 10. -7+3 
11.5 + (-7) 12920" 26 


He ih EN) Te 8 (7) 
15.-0.17+0.7 16. -6.4 +87 


17. —4.5 + (—3.2) 


18. —8.6 + 2.4 


37) + 25 + 42 


22.42) (=81) = (28) + 24 


Answers 


7-11 8-12 92 = 10. -4 

ll. -2 «12.0 13. -22 14.3 

15. 0.53 16.2.3 17. -7.7 18. -6.2 

19. : 20. ” 21. -58 22. —56 
9 20 

23. -14 24. -12 
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EXAMPLES Find the opposite, or additive inverse, of each number. 


Find the opposite, or additive 14. 34 The opposite of 34 is —34 because 34 + (—34) = 0. 
inverse, of each number. 15. —8 The opposite of —8 is 8 because —8 + 8 = 0. 
oot Se 16. 0 The opposite of 0 is 0 because 0 + 0 = 0. 

7 a 7 7 
eh, =e. 28. = 17. me The opposite of =“— is 3 because “5 ae i 0. 


29. 0 30. 12 Do Exercises 25-30. 


To name the opposite, we use the symbol —, as follows. 


SYMBOLIZING OPPOSITES 


The opposite, or additive inverse, of anumber a can be named —a 
(read “the opposite of a,” or “the additive inverse of a”). 


Note that if we take a number, say, 8, and find its opposite, —8, and then 
find the opposite of the result, we will have the original number, 8, again. 


THE OPPOSITE OF AN OPPOSITE 


The opposite of the opposite of a number is the number itself. (The 
additive inverse of the additive inverse of a number is the number 
itself.) That is, for any number a, 


—(-a) =a. 


EXAMPLE 18 Evaluate —x and —(—x) when x = 16. 


Ifx = 16, then -—x = —16. The opposite of 16 is —16. 


Ifx = 16, then —(—x) = —(—16) = 16. _—_—‘ The opposite of the 
opposite of 16 is 16. 


EXAMPLE 19 Evaluate —x and —(—x) when x = —3. 
Ifx = —3, then —x = —(-—3) = 3. 


Evaluate —x and —(—x) when: Ifx = —3, then —(—x) = —(—(-—3)) = —(3) = -3. 
31. x = 14. 32. x= 1. 
Note that in Example 19 we used a second set of parentheses to show that 
ash a6 = =I19), 34. x = —-1.6. we are substituting the negative number —3 for x. Symbolism like ——x is not 
considered meaningful. 
2 9) 
ea, eas Do Exercises 31-36. | 


Asymbol such as —8 is usually read “negative 8.” It could be read “the addi- 
tive inverse of 8,” because the additive inverse of 8 is negative 8. It could also be 
read “the opposite of 8,” because the opposite of 8 is —8. Thus a symbol like —8 
can be read in more than one way. It is never correct to read —8 as “minus 8.” 


Answers Caution! 
8 
25.4 26. -B8.7 27. 7.74 28. G A symbol like —x, which has a variable, should be read “the opposite of x” or 
29.0 30.-12 31. -1414 “the additive inverse of x” and not “negative x,” because we do not know 
32. -1;1 33. 19;-19 34, 1.6; -1.6 whether x represents a positive number, a negative number, or 0. You can 
S252 S627 check this in Examples 18 and 19. 
3°38 8’ 8 
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== 


We can use the symbolism —a to restate the definition of opposite, or 
additive inverse. 


OPPOSITES, OR ADDITIVE INVERSES 


For any real number a, the opposite, or additive inverse, of a, denoted 
—a, is such that 


a+ (a) = (-a)+a=0. 


Signs of Numbers 


A negative number is sometimes said to have a “negative sign.” A positive 
number is said to have a “positive sign.” When we replace a number with its 
opposite, we can say that we have “changed its sign.” 


EXAMPLES Find the opposite. (Change the sign.) 
2 2 2 
20.-3  -(-3)=3 21. ( ie 
Find the opposite. (Change the sign.) 


22.0  -(0) =0 23.14 —(14) = -14 37. -4 38. —13.4 


1 
Do Exercises 37-40. 39.0 aoe 


(¢) Applications and Problem Solving 
Addition of real numbers occurs in many real-world situations. 


EXAMPLE 24 Lake Level. Inthe course of one four-month period, the 
water level of Lake Clearwater went down 2 ft, up 1 ft, down 5 ft, and up 3 ft. 
By how much had the lake level changed at the end of the four months? 


We let T = the total change in the level of the lake. Then the problem 


translates to a sum: 41. Change in Class Size. During 
Total Ist ond 3rd 4th the first two weeks of the semes- 
change is change plus change plus change plus change Be aah 
8 dents withdrew, 8 students 
Y enrolled late, and 6 students 
T = -2 oa 1 + (-5) + 3. were dropped as “no shows.” By 
; ; how many students had the 
Adding from left to right, we have class size changed at the end of 
P2241 4(-5)4 3S +14 (<5) 43 the first two weeks? 
=-6+3 
aa Answers 
The lake level had dropped 3 ft at the end of the four-month period. I 37.4 38. 13.4 39. 0 


1 
40. 2a 41. —2 students 


Do Exercise 41. 
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For Extra Help 


MyMathLab 


PRACTICE DOWNLOAD 


WATCH 


(a) Add. Do not use the number line except as a check. 


1.2 + (-9) 2.54 2 3. -11+5 4.4 + (-3) 5. -6+ 6 
6. 8 + (-8) 7. —3 + (—5) 8. —4 + (-6) 9.-7+0 10. -13 + 0 
11. 0 + (-27) 12. 0 + (—35) 13. 17 + (-17) 14.-15 + 15 15. —17 + (—25) 
16. —24 + (-17) 17. 18 + (-18) 18. -13 + 13 19. —28 + 28 20. 11 + (-11) 
21. 8 + (-5) 22. -7 + 8 23. —4 + (-5) 24. 10 + (-12) 25. 13 + (—6) 
26. -3 + 14 27. —25 + 25 28. 50 + (—50) 29. 53 + (—18) 30. 75 + (—45) 
3 2 
31. -8.5 + 4.7 32. -4.6 + 1.9 33. —2.8 + (—5.3) 34. —7.9 + (-6.5) 35. = 
4 2 2 5 4 6 5. 1 5 2 
See -—+[-— -s4+[-s =e $5 40. --—+— 
cae er 37. -2 + (-3) 38. 3 +(-5) aa ae eae ae 
5 1 5 2 3 5 7 7 
41.-—+[-— 42, -—+ [| -— Ba eS te 
8 ( =) 6 ( 7) = 8 12 16 8 
1 7 11 3 7 1 4 3 
et ae ae 47. — + |-— 48. —-— + — 
ay 6 10 a 18 ( 3) 15 ( =) a 21 414 
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53. 98 + (—54) + 113 + (—998) + 44 + (-612) 


(b) Find the opposite, or additive inverse. 


55. 24 56. —64 


Evaluate —x when: 


59. x = 8. 60. x = —27. 


Evaluate —(—x) when: 


63. x = —43. 64. x = 39. 


Find the opposite. (Change the sign.) 


67. —24 68. —12.3 


/  % 
ic | Solve. 


71. Tallest Mountain. The tallest mountain in the world, 
when measured from base to peak, is Mauna Kea (White 
Mountain) in Hawaii. From its base 19,684 ft below sea 
level in the Hawaiian Trough, it rises 33,480 ft. What is 


the elevation of the peak above sea level? 


Source: The Guinness Book of Records 


73. Temperature Changes. One day the temperature in 
Lawrence, Kansas, is 32°F at 6:00 A.M. It rises 15° by 
noon, but falls 50° by midnight when a cold front 


moves in. What is the final temperature? 


50. 


52. 


54. 


57. 


61. 


65. 


69. 


72. 


74. 


29 + (—45) + 18 


w 
i) 
— 
ico) 
(oy) 
ue 


24 + 3.1 + (—44) + (-8.2) + 63 


458 + (—124) + 1025 + (—917) + 218 
—26.9 58. 48.2 
x= =. 62. x = = 
x= 7 66. x = —-7.1. 
-< 70. 10 
Telephone Bills. Erika’s cell-phone bill for July was $82. 


She sent a check for $50 and then made $37 worth of 
calls in August. How much did she then owe on her 
cell-phone bill? 


Stock Changes. Onarecent day, the price of a stock 
opened at a value of $61.38. During the day, it rose 
$4.75, dropped $7.38, and rose $5.13. Find the value of 
the stock at the end of the day. 
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75. Profits and Losses. The profit of a business is expressed 
as a positive number and referred to as operating “in the 
black.” A loss is expressed as a negative number and is 
referred to as operating “in the red.” The profits and 
losses of Xponent Corporation over various years are 
shown in the bar graph below. Find the sum of the 
profits and losses. 


ae Xponent Corporation == 
15000 
$10,500 
6 10000 $8,200 
B 
=I TT 
mo} 
S| 0 
iss} 
2 5000 
Ss —10000 
a -$9,600 id 
-15000 3 == 
~20000 | $16,600 
2007 2008 2009 2010 2011 


77. Credit-Card Bills. On August 1, Lyle’s credit-card bill 
shows that he owes $470. During the month of August, 
Lyle sends a check for $45 to the credit-card company, 
charges another $160 in merchandise, and then pays off 
another $500 of his bill. What is the new amount that 
Lyle owes at the end of August? 


Skill Maintenance 


Convert to decimal notation. [4.2b] 


79. 71.3% 80. 92% 


83. Divide and simplify: = a [2.2c] 


Synthesis 


85. For what numbers x is —x negative? 


87. If ais positive and b is negative, then —a + bis: 


A. Positive. B. Negative. 

C. 0. D. Cannot be determined 
without more 
information 


76. Football Yardage. Inacollege football game, the 
quarterback attempted passes with the following 
results. Find the total gain or loss. 


GAIN OR LOSS 


Ist 13-yd gain 
2nd 12-yd loss 
3rd 21-yd gain 


78. Account Balance. Leah has $460 in a checking 
account. She writes a check for $530, makes a deposit 
of $75, and then writes a check for $90. What is the 
balance in her account? 


Convert to percent notation. [4.3a] 


81. . 82. a 
8 


84. Subtract and simplify: . = =. [2.3b] 


86. For what numbers x is —x positive? 


88. Ifa = band aand bare negative, then —a + (—b) is: 


A. Positive. B. Negative. 

C. 0. D. Cannot be determined 
without more 
information 
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(a) Subtraction 


We now consider subtraction of real numbers. 


SUBTRACTION 


The difference a — bis the number c for which a = b + c. 


Consider, for example, 45 — 17. Think: What number can we add to 17 to 
get 45? Since 45 = 17 + 28, we know that 45 — 17 = 28. Let’s consider an 
example whose answer is a negative number. 


! EXAMPLE 1 Subtract: 3 — 7. 


Think: What number can we add to 7 to get 3? The number must be neg- 
ative. Since 7 + (—4) = 3, we know the number is —4: 3 — 7 = —4. That is, 
3 — 7 = —4because7 + (—4) = 3. ) 


| Do Exercises 1-3. 


The definition above does not provide the most efficient way to do sub- 
traction. We can develop a faster way to subtract. As a rationale for the faster 
way, let’s compare 3 + 7 and 3 — 7 on the number line. 

To find 3 + 7 on the number line, we start at 0, move to 3, and then move 
7 units farther to the right since 7 is positive. 


To find 3 — 7, we do the “opposite” of adding 7: We move 7 units to the left 
to do the subtracting. This is the same as adding the opposite of 7, —7, to 3. 


< 


| 

| 

| 
t— t—1t—t 
-11-10-9 -8 -7 -6 -5 -4 -3 -2 - 
3-7=3+ (-7) 4 : 


Look for a pattern in the 
examples shown at right. 


Subtract. 


Is = = Al 
Think: What number can be 
added to 4 to get —6: 
[]+4= -6? 


Py =7 = (=I) 
Think: What number can be 
added to —10 to get —7: 

+ (=10) = =e 


3. -7 — (-2) 
Think: What number can be 
added to —2 to get —7: 
ae) 


Subtract. Use the number line, doing 
the “opposite” of addition. 
Zk, By = §) 


Answers 
1-10 23 3-5 4-4 
5.-5 6-1 
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Do Exercises 7-10. 


Perhaps you have noticed that we can subtract by adding the opposite of 


Complete the addition and compare 
with the subtraction. 


b= OS =3 the number being subtracted. This can always be done. 

4+ (-6) = 
 =3 = 8 = =i SUBTRACTING BY ADDING THE OPPOSITE 

=—% db (-8) = 

For any real numbers a and b, 

cb 6) = (=) = 25 

ty, a-b=a+ (-b). 

= (To subtract, add the opposite, or additive inverse, of the number being 
a 2 z als eet subtracted.) 
This is the method generally used for quick subtraction of real numbers. 
! EXAMPLES Subtract. 

2.2-6=2+(-6)=~-4 The opposite of 6 is —6. We 
change the subtraction to 
addition and add the opposite. 
Check: —4 + 6 = 2. 

3. 4—-(-9)=4+9=13 The opposite of —9 is 9. We 
change the subtraction to 
addition and add the opposite. 
Check: 13 + (—9) = 4. 

4. —4.2 — (—-3.6) = —4.2 + 3.6 = —0.6 Adding the opposite. 

Check: —0.6:+ (—3.6) 4.2. 
Subtract. 1 3 1 3 
11.2 -8 12. -6 — 10 5. = Adding the opposite. 
2 4 2 #4 l 3 i 
13, 124-53 13 (11) i SO Bd il tl (-$) as 
4 4 4 


2, 5 
1, =8 = (=o) 16. ay (-2) Do Exercises 11-16. 


| EXAMPLES. Subtract by adding the opposite of the number being subtracted. 


Subtract by adding the opposite of 6. 3-5 Think: “Three minus five is three plus the opposite of five” 
the number being subtracted. 
3-5=3+(-5)=-2 
a ee 7 1: .7 Think: “One-eighth minus seven-eighths is one-eighth 
18.12 —5 “38 8 plus the opposite of seven-eighths” 
1 7 1, 7 6 : 3 
1g) 124-9) : 8 6°. ee 
8. —4.6 — (—9.8) Think: “Negative four point six minus negative nine 
20. —12.4 — 10.9 ‘ ; : ; ee . 
point eight is negative four point six plus the opposite 
4 4 of negative nine point eight” 
OE ig (-2) 4.6 — (-9.8) = —4.6 + 9.8 = 5.2 
9. — ot Think: “Negative three-fourths minus seven-fifths is 
4 5 negative three-fourths plus the opposite of seven-fifths” 
Answers 3. 7 3 | " 15 2 28 43 
7-2 8-11 94 10.-2 11. -6 4 5 4. 5/20 20 20 b 


3 
12.-16 13.7.1 143 15.0 16. — 


2 7 
17. -8 187 19. -3 20. —23.3 Do Exercises 17-21. 


21. 0 
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When several additions and subtractions occur together, we can make 


them all additions. 


| EXAMPLES Simplify. 


10. 8 — (-4) -2 


(-4)+2=8+4+(-2)+4+2  Addingthe 


ll. 8.2 — (-6.1) + 2.3 


5 


opposite 


(-4) = 82+61+23+4 = 206 


3 1 
2. 3-(-<) 


6 


a | ( a 


9 + 1+ (—10) + (-8) 


3 , 


| Do Exercises 22-24. 


(b) Applications and Problem Solving 


Let’s now see how we can use subtraction of real numbers to solve applied 


problems. 


| EXAMPLE 13 Surface Temperatures on Mars. Surface temperatures on 
Mars vary from —128°C during polar night to 27°C at the equator during mid- 
day at the closest point in orbit to the sun. Find the difference between the 
highest value and the lowest value in this temperature range. 


Source: Mars Institute 


We let D = the difference in the temperatures. Then the problem trans- 


lates to the following subtraction: 


Difference in 
temperature 


D 
D 


The difference in the temperatures is 155°C. 


| 


27 + 128 = 155. 


Lowest 


temperature minus temperature 


(—128) 


) 
Do Exercise 25. 


Simplify. 
22. -6 — (-2) — (-4) - 12 +3 


2 #4 ila i 5 
23. 
: 3 © ( =I IQ 2 


25. Temperature Extremes. 
The highest temperature ever 
recorded in the United States is 
134°F in Greenland Ranch, 
California, on July 10, 1913. 
The lowest temperature ever 
recorded is —80°F in Prospect 
Creek, Alaska, on January 23, 
1971. How much higher was 
the temperature in Greenland 
Ranch than the temperature in 
Prospect Creek? 


Source: National Oceanographic and 
Atmospheric Administration 


Answers 


225-9) 23; 3 24.12.7 25. 214°F 
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For Extra Help 


MyMathLab 


PRACTICE WATCH 


DOWNLOAD 


12-9 2.3-8 3. —8 — (—2) 4, —6 — (-8) 
5. -11 — (-11) 6. —6 — (-6) 7. 12 — 16 8. 14-19 

9. 20 — 27 10. 30 — 4 1. —9 ={=3) 12, —7 — (-9) 
13. —40 — (—40) 14, —9 — (-9) 15. 7 — (-7) 16. 4 — (—4) 
17. 8 — (-3) 18, —-7— 4 19. -6 — 8 20. 6 — (10) 
21. —4 — (-9) 22, -14-2 23. —6 — (-5) 24, —4 — (-3) 
25. 8 — (—10) 26. 5 — (-6) 27. -5 — (—2) 28. -3 — (-1) 
29. -7-—14 30. —9 — 16 31. 0 — (—5) 32. 0 — (-1) 
33. —8 — 0 34. -9 — 0 35. 7 — (—5) 36. 7 — (—4) 
37. 2 — 25 38. 18 — 63 39. —42 — 26 40. —18 — 63 
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41. 


45. 


49. 


53. 


57. 


61. 


65. 


69. 


73. 


77. 


afl] 2 


—50 — (—50) 


=2. = 5.9 


—79 — 114 


—2.8:— 0 


42, —49 — 3 


46. —70 — (—70) 


50. 


54. 


58 


62 


66 


70. 


74. 


78. 


5_3 
8 4 
7 
4 3 
. 3.2 — 5.8 
. —197 — 216 
. 6.04 — 1.1 
ae 
8 2 
Eee: 
18 9 
ee. 
35 40 


43. 


47. 


51. 


55. 


59. 


63. 


67. 


71. 


75. 


79. 


24 — (—92) 


6.1 — (13.8) 


0:99: Ih 


0 — (—500) 


7 — 10.53 


44, 48 — (—73) 


48. 


52. 


56. 1.5 — (—3.5) 


60 


«0.87 = 1 


64. 500 — (—1000) 


68. 8 — (—9.3) 
ia 12 
72, — a 
5 6S 


80. 
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Simplify. 


81. 18 — (-15) —3 ee 82. 22 — (-18) + 7 + (—42) — 27 83. —31 + (—28) 14) -17 
84, —43 — (-19) — (—21) + 25 85. —34 — 28 + (—33) — 44 86. 39 + (—88) — 29 — (—83) 
87. —93 — (-84) — 41 56) 88. 84 + (—99) + 44 — (-18) — 43 
89. —5.4 — (—30.9) 4 + 40.2 — (-12) 90. 14.9 — (—50.7) + 20 — (—32.8) 

7 3 5 13 ll o5 1 y) 
Mag A (-2) 24 92. ~76 + 30 (-1)+2 


(b) Solve. 


93. Ocean Depth. The deepest point in the Pacific Ocean 
is the Marianas Trench, with a depth of 10,924 m. The 
deepest point in the Atlantic Ocean is the Puerto Rico 
Trench, with a depth of 8605 m. What is the difference 
in the elevation of the two trenches? 

Source: The World Almanac and Book of Facts 


94. Elevations in Africa. The elevation of the highest 
point in Africa, Mt. Kilimanjaro, Tanzania, is 19,340 ft. 
The lowest elevation, at Lake Assal, Djibouti, is —512 ft. 
What is the difference in the elevations of the two 
locations? 


Puerto Rico 
Trench 


Marianas 
Trench 


Mt. Kilimanjaro 
19,340 ft 


95. Claire has a charge of $476.89 on her credit card, but 
she then returns a sweater that cost $128.95. How 
much does she now owe on her credit card? 


96. Chris has $720 in a checking account. He writes a 
check for $970 to pay for a sound system. What is the 
balance in his checking account? 
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97. Difference in Elevation. At its highest point, the ele- 
vation of Denver, Colorado, is 5672 ft above sea level. 
At its lowest point, the elevation of New Orleans, 
Louisiana, is 4 ft below sea level. Find the difference in 
the elevations. 
Source: /nformation Please Almanac 


99. Low Points on Continents. The lowest point in Africa 
is Lake Assal, which is 512 ft below sea level. The lowest 
point in South America is the Valdes Peninsula, which is 
131 ft below sea level. How much lower is Lake Assal 
than the Valdes Peninsula? 

Source: National Geographic Society 


101. Surface Temperature on Mercury. Surface tempera- 
tures on Mercury vary from 840°F on the equator when 
the planet is closest to the sun to —290°F at night. Find 
the difference between these two temperatures. 


Skill Maintenance 


Simplify. [1.6c] 
103. 256 + 64 + 23 + 100 


105. 29+ 4+ 20 + 22 


107. Add and simplify: ; + am + =. [2.3a] 


Synthesis 


98. Difference in Elevation. The lowest elevation in 
North America, Death Valley, California, is 282 ft 
below sea level. The highest elevation in North 
America, Mount McKinley, Alaska, is 20,320 ft. Find 
the difference in elevation between the highest point 
and the lowest point. 

Source: National Geographic Society 


100. Temperature Records. The greatest recorded tem- 
perature change in one 24-hr period occurred be- 
tween January 23 and January 24, 1916, in Browning, 
Montana, where the temperature fell from to 44°F to 
—56°F. By how much did the temperature drop? 
Source: The Guinness Book of Records 


102. Run Differential. In baseball, the difference between 
the number of runs that a team scores and the number 
of runs that it allows its opponents to score is called the 
run differential. That is, 


Number of Number of 


Run differential = runs scored — runs allowed. 


Teams strive for a positive run differential. 

Source: Major League Baseball 

a) Inarecent season, the Chicago White Sox scored 
810 runs and allowed 729 runs to be scored on 
them. Find the run differential. 

b) Inarecent season, the Pittsburgh Pirates scored 


735 runs and allowed 884 runs to be scored on 
them. Find the run differential. 


104. 5-6 + (7-2) 
106. 65 — 57 +5-5-2 


164 


108. Simplify: 256" 


[2.1e] 


Determine whether each statement is true or false for all integers a and b. If false, give an example to show why. Examples may vary. 


109. a—-0=0-a 
lll. Ifa # b, thena — b # 0. 


113. Ifa + b = 0, then a and bare opposites. 


110.0-a=a 
112. Ifa = —b, thena+ b= 0. 
114. Ifa — b = 0, thena = —b. 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 

1. All rational numbers can be named using fraction notation. [7.2c] 
2. Ifa > b, then alies to the left of bon the number line. [7.2d] 

3. The absolute value of a number is always nonnegative. [7.2e] 

4. We can translate “7 less than y” as7 — y. [7.1b] 


Guided Solutions 


Fill in each blank with the number that creates a correct statement or solution. 
5. Evaluate —x and —(—x) when x = —4.  [7.3b] 


> = 


(Co (8) > —s) — a 


Subtract. [7.4a] 
6.5-13=5+(L)=(]  =3 = = —8 4 (i) = il 


Mixed Review 


Evaluate. [7.la] 
ap 


3 
8, ~™, when m = 8 andn = 6 9. , when a = 5andb = 17 


Translate each phrase to an algebraic expression. Use any letter for the variable. [7.1b] 


10. Three times some number 11. Five less than some number 

12. State the integers that correspond to this situation: 13. Graph —3.5 on the number line. [7.2b] 
Jerilyn deposited $450 in her checking account. Later 
that week, she wrote a check for $79. [7.2a] ea s 


Convert to decimal notation. [7.2c] Use either < or > for to write atrue sentence. [7.2d] 
14. -= 15. i 16,51 |-3 17.99 |—1011 
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Write true or false. [7.2d] Write an inequality with the same meaning. [7.2d] 
18. —8' = =5 19. —4 = —4 20.y<5 21) =37= 5 


Find the absolute value. [7.2e] 


12 

22. |15.6| 23, |-18) 24. |0| 25. -» 

Find the opposite, or additive inverse, of the number. [7.3b] 

26. —5.6 27. : 28. 0 29. —49 

30. Evaluate —x when xis —19. [7.3b] 31. Evaluate —(—x) when xis 2.3. [7.3b] 

Compute and simplify. [7.3a], [7.4a] 

1 

32, 7 = (9) 33. - a 34. 3.6 + (—3.6) a5, 3 (9) 
2 9 

36. 3 ae (-2) Bie 2 (3:9) 38. -144+ 5 ait), Ig) =e (=21) 

1 3 
40. —4.1 — 6.3 41.5 — (-11) 42. —7 - (-2) 43. 12 — 24 
I a) 

44, —8 — (—4) eee 46. 12.3 — 14.1 47. 6 — (-7) 

48. 16 — (—9) — 20 — (-4) 49, —4 + (-10) — (-3) — 12 

50a — 1 -o5) 15 15) a9 (3) 16 (10) 

Solve. [7.3c], [7.4b] 

52. Temperature Change. In chemistry lab, Ben works 53. Stock Price Change. ‘The price of a stock opened at 
with a substance whose initial temperature is 25°C. $56.12. During the day, it dropped $1.18, then rose $1.22, 
During an experiment, the temperature falls to —8°C. and then dropped $1.36. Find the value of the stock at 
Find the difference between the two temperatures. the end of the day. 

Understanding Through Discussion and Writing 

54. Give three examples of rational numbers that are not 55. Give three examples of irrational numbers. Explain the 
integers. Explain. [7.2b] difference between an irrational number and a rational 

number. [7.2b, d] 

56. Explain in your own words why the sum of two negative 57. Ifa negative number is subtracted from a positive num- 

numbers is always negative. [7.3a] ber, will the result always be positive? Why or why not? 


[7.4a] 
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S| 


1. Complete, as in the example. 


4-10=40 
82 IO = So 
2° N= 
1-10= 
0:10= 
-1:-10= 
—2-10= 
Multiply. 
2.-3-6 8b AD > (=5) 
' 2%) 
4. 4 - (—20) 5. SaiG 
; ai ab 
b ALS Moll oal== 
6. Sa) 7 2( *) 
Answers 


1... 20; 10; 0; -—10;-—20;-30 2. —18 
3. -100 4. —-80 5. 


7 
6. —30.033 7. to 


(a) Multiplication 


Multiplication of real numbers is very much like multiplication of arithmetic 
numbers. The only difference is that we must determine whether the answer 
is positive or negative. 


Multiplication of a Positive Number 
and a Negative Number 


To see how to multiply a positive number and a negative number, consider 
the pattern of the following. 


This number decreases Bs This number decreases 


by 1 each time. 4:5= 20 by 5 each time. 
3°-5= 15 
2:-5= 10 
1:5= 5 
0-5= 0 
-1-5= -5 
—2-5= -10 
-3-5=-15 


Do Exercise 1. } 


According to this pattern, it looks as though the product of a negative 
number and a positive number is negative. That is the case, and we have the 
first part of the rule for multiplying real numbers. 


To multiply a positive number and a negative number, multiply their 
absolute values. The answer is negative. 


! EXAMPLES Multiply. 


5 
1. 8(—5) = —40 ale 3. (—7.2)5 = —36 


Do Exercises 2-7. | 
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Multiplication of Two Negative Numbers 
How do we multiply two negative numbers? Again, we look for a pattern. 


This number decreases 
PS 


by 1 each time. 4-(—5) = —20 
3¢(=6)=—15 

2-(—5) = —10 

Le(=bi>--=5 

0-(—5) = 0 

=l>(=5)= 5 

—2:-(—5)= 10 

=<3?(=5)—= 15 


This number increases 
by 5 each time. 


Do Exercise 8. 


According to the pattern, it appears that the product of two negative 
numbers is positive. That is actually so, and we have the second part of the 


rule for multiplying real numbers. 


THE PRODUCT OF TWO NEGATIVE NUMBERS 


To multiply two negative numbers, multiply their absolute values. 


The answer is positive. 


Do Exercises 9-14. 


The following is another way to consider the rules we have for 


multiplication. 


To multiply two nonzero real numbers: 


a) Multiply the absolute values. 


b) Ifthe signs are the same, the answer is positive. 


c) Ifthe signs are different, the answer is negative. 


Multiplication by Zero 


The only case that we have not considered is multiplying by zero. As with 
nonnegative numbers, the product of any real number and 0 is 0. 


THE MULTIPLICATION PROPERTY OF ZERO 


For any real number a, 
a:0=0-a=0. 


(The product of 0 and any real number is 0.) 


EXAMPLES Multiply. 


4, (-3)(—4) = 12 5. —1.6(2) = —3.2 
5 1 5 

6. -19-0=0 7. = 
( 6 5) 54 

8. 0 - (—452) = 0 9. 23 -0- (—83) = 


| Do Exercises 15-20. 


8. Complete, as in the example. 


3° (S10) = =30 
2° (110) = =20 


1-(—10) = 
0-(—10) = 
—1-(-10) = 
—2-(-10) = 
=3) 6 (10) = 
Multiply. 
G =@ > (=8) 
10. —16 - (—2) 
11. —7 - (-5) 


14, —3.25(—4.14) 


Multiply. 
15. 5(—6) 


19. 0 « (—34.2) 


5 2 
I) = Oma 
0 7 0 ( 2) 


Answers 
8. —10;0;10;20;30 9.27 10. 32 


11.35 = (12. a 13. . 14. 13.455 
63 3 


15. -30 16.30 17. -32 18. 4 
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Multiply. 
Pils Bo (=8)) ° 2 


22, -3 x (—4.1) X (-2.5) 


ea) ie) 


Answers 


5 
21. -30 22. —30.75 23. 3 
24.120 25. —-120 26.6 
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Multiplying More Than Two Numbers 


When multiplying more than two real numbers, we can choose order and 

grouping as we please. 

EXAMPLES Multiply. 

10. —8 - 2(—3) = —16(—3) 
= 48 


Multiplying the first two numbers 


11. —8- 2(-3) = 24-2 Multiplying the negatives. Every pair of negative 


numbers gives a positive product. 


= 48 
12. —3(—2)(—5)(4) = 6(-5)(4) — Multiplying the first two numbers 
= (—30)4 
= —120 
1 2 eee ‘ 
13. (- +)ce)( - 2) —6) = (-4)4 Multiplying the first two numbers and 
= 3 the last two numbers 
= —-16 


14, —5 - (—2) - (-3) - (-6) = 10-18 = 180 
15. (—3)(—5)(—2)(—3)(—6) = (—30)(18) = —540 } 


Considering that the product of a pair of negative numbers is positive, we 
see the following pattern. 


The product of an even number of negative numbers is positive. 


The product of an odd number of negative numbers is negative. 


Do Exercises 21-26. J 


EXAMPLE 16 Evaluate 2x2 when x = 3 and whenx = —3. 
25° = 2(9)° = 2(9) = 18; 
2x2 = 2(-3)% = 2(9) = 18 } 


Let’s compare the expressions (—x)? and —x?. 


EXAMPLE 17 Evaluate (—x)* and —x* when x = 5. 
(=x)? = (-5)? = (-5)(-5) = 25; 


Substitute 5 for x. Then evaluate 
the power. 


Substitute 5 for x. Evaluate the 
power. Then find the opposite. 


x? = —(5)? = —(25) = —25 


In Example 17, we see that the expressions (—x)* and —x? are not equiv- 
alent. That is, they do not have the same value for every allowable replace- 
ment of the variable by a real number. To find (—x)*, we take the opposite and 
then square. To find —x?, we find the square and then take the opposite. 


Introduction to Real Numbers and Algebraic Expressions 


) EXAMPLE 18 Evaluate (—a)* and —a? when a = —4. 


cuuoed . : 27. Evaluate 3x* when x = 4 and 
To make sense of the substitutions and computations, we introduce extra 


when x = —4. 
grouping symbols into the expressions. 
ae 2. [Ale 1k 28. Evaluate (—x)* and —x? when 
(-a)? = [-(-4)P = [47 = 16 aay 


a* = —(-4)? = -(16) = -16 } 
29. Evaluate (—x)* and —x? when 


| Do Exercises 27-29. x= -3. 


(b) Applications and Problem Solving 
We now consider multiplication of real numbers in real-world applications. 


' EXAMPLE 19 Chemical Reaction. During a chemical reaction, 
the temperature in a beaker decreased by 2°C every minute until 
10:23 A.M. If the temperature was 17°C at 10:00 a.M., when the 
reaction began, what was the temperature at 10:23 A.M.? 


This is a multistep problem. We first find the total number of 
degrees that the temperature dropped, using —2° for each minute. 
Since it dropped 2° for each of the 23 minutes, we know that the 
total drop d is given by 

d = 23-(—2) = —46. 
To determine the temperature after this time period, we find the 
sum of 17 and —46, or 


T = 17 + (—46) = -29. 


30. Chemical Reaction. Duringa 
Thus the temperature at 10:23 A.M. was —29°C. j chemical reaction, the tempera- 


ture in a beaker increased by 

|__ Do Exercise 30. 3°C every minute until 1:34 PM. 
If the temperature was —17°C at 
1:10 PM., when the reaction be- 
gan, what was the temperature 


at 1:34 PM.? 
MAKING POSITIVE CHOICES © Choose to allocate the proper amount of time to 
Making the right choices can give you the power to learn, 
succeed in learning mathematics. © Choose to place the primary responsibility for learning 
You can choose to improve your attitude and raise the on yourself. 


academic goals that you have set for yourself. Projecting a 
positive attitude toward your study of mathematics and 
expecting a positive outcome can make it easier for you to 
learn and to perform well in this course. 

Here are some positive choices you can make: 


Well-known American psychologist William James 
once said, “The one thing that will guarantee the successful 
conclusion of a doubtful undertaking is faith in the begin- 
ning that you can do it.” 


© Choose to make a strong commitment to learning. 


Answers 


27. 48;48 28. 4;—-4 
29, 9;-9 30. 55°C 
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vary EG = & 


PRACTICE WATCH DOWNLOAD READ REVIEW 


1, -4-2 2.-3-5 3. 8-6 4.-5-2 5. 8: (-3) 
6. 9 - (-5) 7.-9°8 8. —10-3 9. —8 - (—2) 10. —2 - (—5) 
11. —7 - (-6) 12. —9 - (—2) 13. 15 - (-8) 14, —12 + (—10) 15. -14-17 
16. —13 - (—15) 17. —25 - (—48) 18. 39 - (—43) 19. —3.5 - (—28) 20. 97 - (—2.1) 
21. 9 - (-8) 22. 7+ (-9) 23. 4 - (—3.1) 24. 3 + (—2.2) 25. —5 - (—6) 
26. -6 - (—4) 27. -7+ (-3.1) 28. —4 - (—3.2) 29. -. (-2) 30. 2 (-2) 


31 -3.(-2) 32. -3.(-2) 33. —6.3 X 2.7 34. —4.1 * 9.5 

35 -2.5 36 -3.3 37. 7» (4) « (3) +5 38. 9 - (2) -(-6) +7 
39. -2 +5 (-2) 40. —3 ( i) -( 3) Ai, 8024) (5) 42, -2« (-5)«(-7) 
43. —2 - (—5) - (-3) - (-5) 44, —3 -(—5) « (-2) + (-1) 45. 2(-=) 

46. -3(-2) AP, 27 (281) 13 48. —14 - (34) - 12 
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49. —4- (-1.8)-7 50. —8 - (—1.3) - (5) 51. -(-2)(2) 


7 5 2 
52. -2(-3)(-2) 53. 4 - (—4) - (—5) - (-12) 54, —2 - (—3) - (—4) - (-5) 
5\/1 | 1 

55. 0.07 - (—7) -6- (-6) 56. 80 - (—0.8) - (—90) - (—0.09) 57. 

6/\8 7 7 
4 2 15\/1 

58. 59. (—14) - (—27)- 0 60. 7-(—-6)-5-(-4)-3-(-2)-1- 
(2)(-2)(-2)4) (-14) - (-27) (-6) «5+ (~4) +3 - (-2) 

61. (—8)(—9)(—10) 62. (—7)(—8)(—9)(—10) 63. (—6)(—7)(—8)(—9)(—10) 

64. (—5)(—6)(—7)(—8)(—9)(—10) 65. (-1)!4 66. (-1)9 

67. Evaluate (—x)* and —x* when x = 4and when x = —4. 68. Evaluate (—x)* and —x* when x = 10 and when 

x= =10. 

69. Evaluate (—3x)* and —3x* when x = 7. 70. Evaluate (—2x)* and —2x? when x = 3. 

71. Evaluate 5x” when x = 2 and when x = —2. 72. Evaluate 2x? when x = 5 and when x = —5. 

73. Evaluate —2x3 when x = 1 and when x = —1. 74. Evaluate —3x3 when x = 2. and when x = —2. 

BD) solve. 

75. Weight Loss. Dave lost 2 lb each week for a period of 76. Stock Loss. Emma lost $3 each day for a period of 
10 weeks. Express his total weight change as an integer. 5 days in the value of a stock she owned. Express her 

total loss as an integer. 

77. Chemical Reaction. The temperature of a chemical 78. Chemical Reaction. The temperature of a chemical 
compound was 0°C at 11:00 a.M. During a reaction, it compound was —5°C at 3:20 pM. During a reaction, it 
dropped 3°C per minute until 11:18 a.m. What was the increased 2°C per minute until 3:52 RM. What was the 
temperature at 11:18 A.M.2 temperature at 3:52 PM.? 
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79. Stock Price. The price ofa stock began the day at 80. Population Decrease. The population of Bloomtown 


$23.75 per share and dropped $1.38 per hour for 8 hr. was 12,500. It decreased 380 each year for 4 yr. What was 
What was the price of the stock after 8 hr? the population of the town after 4 yr? 

81. Diver's Position. After diving 95 m below the sea level, 82. Checking Account Balance. Karen had $68 in her 
a diver rises at a rate of 7 m/min for 9 min. Where is the checking account. After she had written checks to make 
diver in relation to the surface at the end of the 9-min seven purchases at $13 each, what was the balance in 
period? her checking account? 

83. Drop in Temperature. The temperature in Osgood was 84. Juice Consumption. Eliza bought a 64-oz container 
62°F at 2:00 PM. It dropped 6°F per hour for the next of cranberry juice and drank 8 oz per day for a week. 
4 hr. What was the temperature at the end of the 4-hr How much juice was left in the container at the end of 
period? the week? 


Skill Maintenance 


85. Find the LCM of 36 and 60. [1.9a] 86. Find the prime factorization of 4608. [1.7d] 
Simplify. [2.le] 
v7. as, ao, 24 sp, 1025 
* 39 “54 * 484 * 6625 
a1. 2 oe 93, 2 oa, 78 
* 800 * 201 * 264 “13 


Synthesis 


95. If ais positive and b is negative, then —ab is: 96. If ais positive and b is negative, then (—a)(—D) is: 
A. Positive. A. Positive. 
B. Negative. B. Negative. 
C. 0. C. 0. 
D. Cannot be determined without more information D. Cannot be determined without more information 


97. Below is a number line showing 0 and two positive numbers x and y. Use a compass or ruler to locate the following as best 
you can: 


2%; 3X; ZY Ky HV JOY, Oy, KH 2y. 


98. Of all possible quotients of the numbers 10, — on —5, and i, which two produce the largest quotient? Which two produce 
the smallest quotient? 
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We now consider division of real numbers. The definition of division results 
in rules for division that are the same as those for multiplication. 


(a) Division of Integers 


a 


The quotient a + b, or 


b 
for whicha = b-c. 


—, where b # 0, is that unique real number c 


Let’s use the definition to divide integers. 


| EXAMPLES Divide, if possible. Check your answer. 


1. 14+ (-7) =-2 


Think: What number multiplied by —7 gives 142 


That number is —2. Check: (—2)(—7) = 14. 


—32 _ Think: What number multiplied by —4 gives —32? 
2. =A 8 That number is 8. Check: 8(—4) = —32. 

-—10_~—s:10 Think: What number multiplied by 7 gives — 102 
2 7 7 That number is —*2. Check: —*2- 7 = -10. 


-17 
ar is not defined. 


Think: What number multiplied by 0 gives —172 
There is no such number because the product 
of 0 and any number is 0. 


The rules for division are the same as those for multiplication. 


To multiply or divide two real numbers (where the divisor is nonzero): 


a) Multiply or divide the absolute values. 


b) Ifthe signs are the same, the answer is positive. 


c) Ifthe signs are different, the answer is negative. 


Excluding Division by O 


| Do Margin Exercises 1-6. 


Example 4 shows why we cannot divide —17 by 0. We can use the same argu- 
ment to show why we cannot divide any nonzero number b by 0. Consider 
b = 0. We look for a number that when multiplied by 0 gives b. There is no 
such number because the product of 0 and any number is 0. Thus we cannot 


divide a nonzero number b by 0. 


On the other hand, if we divide 0 by 0, we look for a number c such that 
0-c = 0. ButO- c = 0 for any number c. Thus it appears that 0 + 0 could be 
any number we choose. Getting any answer we want when we divide 0 by 0 
would be very confusing. Thus we agree that division by 0 is not defined. 


SKILL TO REVIEW 
Objective 2.2c: Divide and simplify 
using fraction notation. 


Divide and simplify. 
6 9 5 
oat aes 2s rs 
: 5 2 20 6 


Divide. 


16 = (3) 
Think: What number multiplied 
by —3 gives 6? 


=15 
=o 

Think: What number multiplied 

Dye SILVESeelloe 


ae 


Sh =24 = & 
Think: What number multiplied 
by 8 gives —24? 


—48 30 
i —= i == 
=6 =§) 
30 
GO == 
=7 
Answers 


Skill to Review: 
1. fea 2. 36 
15 
Margin Exercises: 
1-2 25 3-3 4.8 
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EXCLUDING DIVISION BY O 


Division by 0 is not defined. 


a ~ 0, or a is not defined for all real numbers a. 


Dividing O by Other Numbers 
Note that 


0 
0 + 8 = O because 0 = 0- 8; —5 — O because 0 = 0 - (—5). 


DIVIDENDS OF O 


Zero divided by any nonzero real number is 0: 


' EXAMPLES Divide. 


= 
wml oO 


=3 
Divide, if possible. 5. 0 + (—6) = 0 o.7, = 0 7. 7 not defined. 
=) 


0 
aris coa5 Do Exercises 7 and 8. } 
(b) Reciprocals 
When two numbers like } and 2 are multiplied, the result is 1. Such numbers 


are called reciprocals of each other. Every nonzero real number has a recip- 
rocal, also called a multiplicative inverse. 


RECIPROCALS 


Two numbers whose product is 1 are called reciprocals, or 
multiplicative inverses, of each other. 
- EXAMPLES. Find the reciprocal. 


7, 8 7 8 
8. Th i lof—is — —- rel. 
e reciprocal of | is 7 because 3 °7 


loom 


so 
| 
a 


1 iL 
The reciprocal of —5 is — 5 because -3(- x) =1. 


1 
10. 3.9 The reciprocal of 3.9 is aa because 3.9 


eS aN 
|r 

i<o) 
NS 

Il 

H 


1 1 
ll. — 3 The reciprocal of — 2 is —2 because (- 5)e2) =1. 
2 3 2 3 
12. — 3 The reciprocal of — — is — 2 because (- =) = 3) =1 
3 3 8 3 8 
Answers 13. a The reciprocal of a is = because ()(=) =1. » 
7. Notdefined 8.0 x x Ag x uy , 
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RECIPROCAL PROPERTIES 


1 1 
For a # 0, the reciprocal of acan be named Q and the reciprocal of - is a. 


. a b 
The reciprocal of a nonzero number b can be named —. 
a 


The number 0 has no reciprocal. 


Do Exercises 9-14. 


The reciprocal of a positive number is also a positive number, because the 
product of the two numbers must be the positive number 1. The reciprocal of 
a negative number is also a negative number, because the product of the two 
numbers must be the positive number 1. 


THE SIGN OF A RECIPROCAL 


The reciprocal of a number has the same sign as the number itself. 


Caution! 


It is important not to confuse opposite with reciprocal. Keep in mind that 
the opposite, or additive inverse, of a number is what we add to the 
number to get 0. The reciprocal, or multiplicative inverse, is what we 
multiply the number by to get 1. 


Compare the following. 


RECIPROCAL 
OPPOSITE (Invert but do not 
(Change the sign.) change the sign.) 
a2 1 
8 
19 
18 _18 ie 
7 a 18 
79 79 ou 
; : oh 79 
0 0 Not defined 
N J 


Do Exercise 15. 


Find the reciprocal. 

2 5 
Qs = 105 == 
3 4 
3) 12. = 
5 

a 

8% Iss} 14, — 
6b 


15. Complete the following table. 


OPPOSITE RECIPROCAL 


Answers 
9. 2 10. : 11. s 12 S5:. 13% i , 
2 5 3 L3 
or aD 14. Sb 15. 2 and a 2 and . 
13 a 3 24 5 
1 
and not defined; —1 and 1; 8 and a 4.7 and 
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(€) Division of Real Numbers 


We know that we can subtract by adding an opposite. Similarly, we can divide 
by multiplying by a reciprocal. 


RECIPROCALS AND DIVISION 


For any real numbers a and b, b # 0, 
eee 
az+b= an 


(To divide, multiply by the reciprocal of the divisor.) 


; ae ' EXAMPLES Rewrite each division as a multiplication. 
Rewrite each division as a 


ultiplication. 1 
sate antag 14. -4+3 —4 + 3is the same as —4 - = 
4 3 3 
aes 6 6 1 
ie S =6(-5) 
=f —7 7 
ie 9 3 9 3/ 7 
: me 5*(-7) 5eCa)-5C-9) 
5 7 5 7 5\ 9 
a= [0 +2 +2 1 
18. 7 17. . 5 7 5 (x 4 2)5 Parentheses are necessary here. 
—17 —17 
ii 18. —— —-=-17-b 
l/a 1/b 1/b 
7105 =) = Do Exercises 16-20. 

When actually doing division calculations, we sometimes multiply by a 
reciprocal and we sometimes divide directly. With fraction notation, it is usu- 
ally better to multiply by a reciprocal. With decimal notation, it is usually 
better to divide directly. 

_ EXAMPLES Divide by multiplying by the reciprocal of the divisor. 

2 5 2 4 8 
oe ( aa | 5) = 15 
a 3. (-3) =. (4) 20_ 10:2 10 2_ 10 

Divide by multiplying by the " 6 4 6 3 18 9-2 9 2 9 
reciprocal of the divisor. . 
4 ( :) Caution! 
21.—+(-= 
7 ss) Be careful not to change the sign when taking a reciprocal! 
12 
22. 2 + (-3) 
u 4 a1 3. 3 3. (>) 30 5:6 5 6 5 
4 10 4 3 12 2:6 2 6 2 
Do Exercises 21 and 22. | 
Answers 
4 (5 1 
16. 4.(-2) 17.5 (-2) 
18. (a—b)-= 19. -23-4 
1 20 16 
20. —5 (3) 21. —57 22. 5 
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With decimal notation, it is easier to carry out long division than to mul- 
tiply by the reciprocal. 


_ EXAMPLES Divide. 
27.9 95 


Do the long division 3) 27.9. 
The answer is positive. 


3: 
Do the long division 2.1,)6.3, 
The answer is negative. 


23. —6.3 + 2.1 = —3 


| Do Exercises 23 and 24. 


Consider the following: 


= 2(-1 _ _ 
ifs 225-63 ( Bes a ime oo 
Ss) 3 -1l 3(-1) 3 3. -3 
(A negative number divided by a negative number is positive.) 
2 2 <1 2. —-I-2  =2 2  -2 
. = = ‘>= =—>. Thus,->=—. 
cae 3 13 #13 «38 ge 
(A negative number divided by a positive number is negative.) 
=2 2 2 =) 4-1 2 2.2 
3. =—-]=—.—s es . Thus, -= = — 
3 3 3 =1 3(-1) =3 3 -=3 


(A positive number divided by a negative number is negative.) 


We can use the following properties to make sign changes in fraction notation. 


SIGN CHANGES IN FRACTION NOTATION 


For any numbers a and b, b # 0: 


1, 2424 
“=p Dp 

(The opposite of a number a divided by the opposite of another 
number b is the same as the quotient of the two numbers a and b.) 
-—a_ sa a 

aye 
(The opposite of a number a divided by another number b is the 
same as the number a divided by the opposite of the number b, 
and both are the same as the opposite of a divided by b.) 


| Do Exercises 25-27. 


Divide. 
23027 a) 


24, —20.4 + (-4) 


Find two equal expressions for each 
number with negative signs in 
different places. 


=) 
3 = 


26. —= 


lo = 


Answers 


23.-7 24.5.1 25.—;-> 26. —; 


| 
xd 


=10. 10 
243. 
3 3 
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d) Applications and Problem Solving 


EXAMPLE 24 Chemical Reaction. During a chemical 
reaction, the temperature in a beaker decreased every 
minute by the same number of degrees. The temperature 
was 56°F at 10:10 A.M. By 10:42 A.M., the temperature had 
dropped to —12°F. By how many degrees did it change 
each minute? 


We first determine by how many degrees d the tempera- 
ture changed altogether. We subtract —12 from 56: 


d = 56 — (-12) = 56 + 12 = 68. 


The temperature changed a total of 68°. We can express this 
as —68° since the temperature dropped. 


28. Chemical Reaction. During The amount of time ¢ that passed was 42 — 10, or 
a chemical reaction, the 32 min. Thus the number of degrees T that the temperature 
temperature in a beaker dropped each minute is given by 
decreased every minute by the 
same number of degrees. The T= d _ —68 = —2.125 
temperature was 71°F at t 32 a 


2:12 pM. By 2:37 PM., the 
temperature had changed to 
— 14°F. By how many degrees 


did it change each minute? Do Exercise 28. 


The change was —2.125°F per minute. 


Calculator Corner 


56° F 


—12°F 


0°F 


TER PTET TTT) 


= 


Operations on the Real Numbers We can perform operations on the real numbers on =54-38 
a graphing calculator. Recall that negative numbers are entered using the opposite key, @y, rather than the —5+(-3.8) 
subtraction operation key, ©). Consider the sum —5 + (—3.8). We use parentheses when we write this sum 
in order to separate the addition symbol and the “opposite of" symbol and thus make the expression more eas- 


Ff3 


=e) 


ily read. When we enter this calculation on a graphing calculator, however, the parentheses are not necessary. 
We can press MOVDOOO @ Gp. Ihe result is —8.8. Note that it is not incorrect to enter the 
parentheses. The result will be the same if this is done. 

To find the difference 10 — (—17), we press CO QI) DO @ GB. The result is 27. We can 
also multiply and divide real numbers. To find —5 - (—7), we press —-) GD GD ©) @ GBB. and to find 


45 + (—9), we press 2) GQ) GIO) @ GB. Note that it is not necessary to use parentheses in any of 
these calculations. 


Exercises: Use a calculator to perform each operation. 


1 -8+4 2. 1.2 + (—1.5) 3. —7 + (-5) 4. —7.6 + (-1.9) 

5. -8-4 6. 1.2 — (-1.5) =F = (5) 8. —7.6 — (-1.9) 

9. -8:4 10. 1.2 - (1.5) 11. —7- (—5) 12. —7.6 - (—1.9) 

13. -8=+ 4 14. 1.2 + (-1.5) 15. —7 + (-5) 16. —7.6 + (1.9) 
Answer 


28. —3.4°F per minute 
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. For Extra Help 7 EB. q 
yA-ms Exercise Set MyMathLab |) ‘en! Ee. 


READ REVIEW. 


(a) Divide, if possible. Check each answer. 


1. 48 + (-6) 2; = 3. ~ 4, 24 + (-12) 
5 = 6. —18 + (—2) 7. = 8572 (=9) 
9. = 10. = 11. —100 + (—50) 12. — 
13. —108 + 9 14, = 15. = 16. —300 + (—16) 
17 as 18. “. 19. av, 20. = 
(b) Find the reciprocal. 
21. 2 22. : 23. -= 24. -- 
25. 13 26. —10 20s = 32 28. 15 
29. = 30. or 31. 32. = 
33. re 34, =. 35. S 36. > 
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C_ Rewrite each division as a multiplication. 


37.4 +17 


41. —— 


45. 


<l|e|& 


Divide. 


i*(-5) 
49, —+(-= 
4 3 


57.2 +2 
6 3 
"13 
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38. 5 + (-8) 


46. 


RIA] 


7 
50. 


co | 
ifs 
oo 
| 
Nl eR 
SC 


3 (-2 
54, - + ( -= 


ere 
“ 16° 8 
* 95 


43. 


47. 


51. 


55. 


59. 


63. 


3x+ 4 


4 12 
-6.6 + 3.3 
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64. —44.1 + (-6.3) 
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48.6 -1.9 -12.5 -17.8 
65..—__— 66. —— 67. —— 68, —— 
-3 20 5 3.2 
-9 -8 
69. 11.25 + (—-9) 70. —9.6 + (—6.4) 7 72: 
17-17 —5 +5 


() Percent of Increase or Decrease in Employment. A percent of increase is generally positive and a percent of decrease is 
generally negative. The table below lists estimates of the number of job opportunities for various occupations in 2006 
and 2016. In Exercises 73-76, find the missing numbers. 


NUMBER OF NUMBER OF PERCENT OF 
JOBS IN 2006 JOBS IN 2016 INCREASE 
OCCUPATION (in thousands) (in thousands) CHANGE OR DECREASE 


Electrician 705 on 52 74% 
File clerk 234 137 =O —41.5% 
73. Athletic trainer Wy 21 4 
7A. Child-care worker 1388 1636 248 


Cashier 


Fisherman 


SOURCE: U.S. Bureau of Labor Statistics Occupational Outlook Handbook 


Skill Maintenance 


Simplify. [1.6c] 


Tie = 55S h8* 104 2 78, 16-23 —5-3 + 80+ 10+2 
79. 1000 + 100 + 10 80. 216 - 6° + 67 
- ap, 264 , ; 
81. Simplify: 468" [2.1e] 82. Convert to decimal notation: 47.7%. [4.2b] 
: 7 . ae. 40 
83. Convert to percent notation: re [4.3a] 84. Simplify: 60° [2.1e] 
- nce beh Be , ccnp 12 32 
85. Divide and simplify: 05 75° [2.2c] 86. Multiply and simplify: 95 75° [2.2a] 
Synthesis 
87. Find the reciprocal of —10.5. What happens if you take 88. Determine those real numbers a for which the opposite 
the reciprocal of the result? of ais the same as the reciprocal of a. 


Determine whether each expression represents a positive number or a negative number when a and b are negative. 


—a —a a —a —a 
89. , 90. =p 91. -(*) 92. -(54) 93. -(=4) 
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(a) Equivalent Expressions 


In solving equations and doing other kinds of work in algebra, we manipulate 
expressions in various ways. For example, instead of x + x, we might write 
2x, knowing that the two expressions represent the same number for any 
allowable replacement of x. In that sense, the expressions x + x and 2x are 


3 3x ; 
equivalent, as are 2 and —,, even though 0 is not an allowable replacement 
x 


because division by 0 is not defined. 


EQUIVALENT EXPRESSIONS 


Two expressions that have the same value for all allowable 
replacements are called equivalent. 


The expressions x + 3x and 5x are not equivalent, as we see in Margin 
Exercise 2. 


Do Exercises 1 and 2. } 


In this section, we will consider several laws of real numbers that will 
allow us to find equivalent expressions. The first two laws are the identity 
properties of 0 and 1. 


Complete the table by evaluating 


each expression for the given values. 
1. THE IDENTITY PROPERTY OF O 


For any real number a, 


a+0=0+4=a4. 


(The number 0 is the additive identity.) 


Bo j THE IDENTITY PROPERTY OF 1 


For any real number a, 


a-l=1-:a=a. 


(The number 1 is the multiplicative identity.) 


We often refer to the use of the identity property of 1 as “multiplying by 1.” 
We can use this method to find equivalent fraction expressions. Recall from 
arithmetic that to multiply with fraction notation, we multiply the numerators 
and multiply the denominators. (See also Section 2.2.) 


) EXAMPLE 1 Write a fraction expression equivalent to 3 with a denomina- 


tor of 3x: 
Answers 5 
1. 6, 6; —12, -12;9.6,9.6 2. 8, 10; —24, —30; --—>. 
19.2, 24 3 3x 
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Note that 3x = 3 - x. We want fraction notation for § that has a denomi- 


nator of 3x, but the denominator 3 is missing a factor of x. Thus we multiply 3. Write a fraction expression 
by 1, using x/x as an equivalent expression for 1: equivalent to? witha 
2 2 a denominator of 8: 
> 3 3 x 3x et 
4 8 
The expressions 2/3 and 2x/(3x) are equivalent. They have the same 
value for any allowable replacement. Note that 2x/3x is not defined for a re- 4, Write a fraction expression 
placement of 0, but for all nonzero real numbers, the expressions 2/3 and equivalent to qwitha 
2x/(3x) have the same value. I denominator of 4: 
3 


Do Exercises 3 and 4. 4 4t’ 


In algebra, we consider an expression like 2/3 to be “simplified” from 
2x/(3x). To find such simplified expressions, we use the identity property of 1 
to remove a factor of 1. (See also Section 2.1.) 


2 
| EXAMPLE 2. simplify: —2. 
12x 
_ 20x ee 5° Ax We look for the largest factor common to both the 
12x 3-4x numerator and the denominator and factor each. 
=— sd Factoring the fraction expression 
4 e 
5 
_5 4 4x 
3 4x 
—— 5 Removing a factor of 1 using the identity ; 
3 property of 1 b 
14 aware: 
) EXAMPLE 3. Simplify: a Simplify. 

2 = 3y 8 16m 
l4ab_ 14a-b_ l4a b _b_b * ay “12m 
56a 14a-4 14a 4 4 A ) 

Sxy 18p 


Do Exercises 5-8. * 40y 2 24pq 


‘b) The Commutative and Associative Laws 
The Commutative Laws 


Let’s examine the expressions x + yandy + x, as well as xy and yx. 


_ EXAMPLE 4 Evaluate x + yandy + xwhenx = 4andy = 3. 


We substitute 4 for x and 3 for y in both expressions: Giada = pane ee eee 


x+y=44+3=7 ytxu=34+4=7. p x = —2andy = 3. 
|) EXAMPLE 5 Evaluate xy and yx when x = 3 andy = -12. 10. A as =—2 
and y = 5. 


We substitute 3 for x and —12 for yin both expressions: 


xy =3-(-12) = -36; yx = (-12)-3 = -36. } 


Do Exercises 9 and 10. Answers 


6 3t 3 4 
3) 3 4. rr 5. rn 6. 3 
Ea 3 : 
7 a . 4g 9.1;1 10. —10;—-10 
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Use a commutative law to write an 
equivalent expression. 


ily ae ae @) 


12. pq 


II} aay se 


Answers 


11.9+x 12. gp 
13. ¢ + xy, oryx + tort + yx 


The expressions x + yand y + x have the same values no matter what 
the variables stand for. Thus they are equivalent. Therefore, when we add two 
numbers, the order in which we add does not matter. Similarly, the expres- 
sions xy and yx are equivalent. They also have the same values, no matter 
what the variables stand for. Therefore, when we multiply two numbers, the 
order in which we multiply does not matter. 

The following are examples of general patterns or laws. 


THE COMMUTATIVE LAWS 


Addition. For any numbers a and b, 

a+b=b+t+a. 
(We can change the order when adding without affecting the answer.) 
Multiplication. For any numbers a and b, 

ab = ba. 


(We can change the order when multiplying without affecting the 
answer.) 


Using a commutative law, we know that x + 2 and 2 + x are equivalent. 
Similarly, 3x and x(3) are equivalent. Thus, in an algebraic expression, we can 
replace one with the other and the result will be equivalent to the original 
expression. 


EXAMPLE 6_ Use the commutative laws to write an equivalent expression: 
(a) y + 5; (b) mn; (c) 7 + xy. 


a) An expression equivalent to y + 5 is 5 + y by the commutative law of 
addition. 

b) An expression equivalent to mn is nm by the commutative law of 
multiplication. 

c) An expression equivalent to 7 + xy is xy + 7 by the commutative law of 
addition. Another expression equivalent to 7 + xyis 7 + yx by the com- 
mutative law of multiplication. Another equivalent expression is yx + 7. 


Do Exercises 11-13. 


The Associative Laws 


Now let’s examine the expressions a + (b + c) and (a + b) + c. Note that 
these expressions involve the use of parentheses as grouping symbols, and 
they also involve three numbers. Calculations within parentheses are to be 
done first. 


EXAMPLE 7 Calculate and compare: 3 + (8 + 5) and (3 + 8) + 5. 
3+ (8+ 5) =3+4 13 Calculating within parentheses first; 


adding the 8 and the 5 
= 16; 
(3+ 8)+5=11+5 Calculating within parentheses first; 
adding the 3 and the 8 
= 16 
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The two expressions in Example 7 name the same number. Moving the 
parentheses to group the additions differently does not affect the value of the 
expression. 


EXAMPLE 8 Calculate and compare: 3 - (4- 2) and (3 - 4) - 2. 
3-(4-2)=3-8=24, (3-4)-2=12-2=24 


| Do Exercises 14 and 15. 


You may have noted that when only addition is involved, numbers can be 
grouped any way we please without affecting the answer. When only multi- 
plication is involved, numbers can also be grouped any way we please with- 
out affecting the answer. 


THE ASSOCIATIVE LAWS 


Addition. For any numbers a, b, and c, 
at+(b+c)=(a+b)+c. 

(Numbers can be grouped in any manner for addition.) 

Multiplication. For any numbers a, b, and c, 
a-(b-c)=(a-b)-c. 


(Numbers can be grouped in any manner for multiplication.) 


EXAMPLE 9 _ Use an associative law to write an equivalent expression: 
(a) (y + z) + 3; (b) 8(xy). 


a) An expression equivalent to (y + z) + 3isy + (z + 3) by the associative 
law of addition. 

b) An expression equivalent to 8(xy) is (8x)y by the associative law of 
multiplication. | 


Do Exercises 16 and 17. 


The associative laws say that numbers can be grouped any way we please 
when only additions or only multiplications are involved. Thus we often omit 
the parentheses. For example, 


x+(y+2) means x+y+2, and  (lw)h means Iwh. 


Using the Commutative and Associative Laws Together 


EXAMPLE 10_ Use the commutative and associative laws to write at least 
three expressions equivalent to (x + 5) + y. 


a) (x +5) +y=x4+(5+y) Using the associative law first and then using 
=x+(y+5) the commutative law 

b) (x +5) +y=y+(x+ 5) Using the commutative law twice 
=y+(5+x%) 


c) (x+5)+y=(5+x)+y — Using the commutative law first and then the 
=54+ (x+y) associative law 


14. Calculate and compare: 
ae () ar 2) anal (3 4— ©) ar 2, 


15. Calculate and compare: 
10> (B23) ater! (IO = &)) > 3. 


Use an associative law to write an 


equivalent expression. 
16. 7+ (s +7) 


17. 9(ab) 


Answers 


14. 19;19 15. 150; 150 
17. (9a)b 
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' EXAMPLE 11 Use the commutative and associative laws to write at least 
three expressions equivalent to (3x)y. 


a) (3x)y = 3(xy) Using the associative law first and then using the 
= 3(yx) commutative law 
b) (3x)y = y(3x) Using the commutative law twice 
= y(x- 3) 
Use ime ONE and c) (3x)y = (x- 3)y Using the commutative law, and then the associative law, 
associative laws to write at least ; ; 
P P = and then the commutative law again 
three equivalent expressions. x(3y) 


18. 4(tu) = x(y- 3) b 


19. r+ (2 +s) Do Exercises 18 and 19. J 
(Cc) The Distributive Laws 


The distributive laws are the basis of many procedures in both arithmetic and 
algebra. They are probably the most important laws that we use to manipu- 
late algebraic expressions. The distributive law of multiplication over addition 
involves two operations: addition and multiplication. 

Let’s begin by considering a multiplication problem from arithmetic: 


45 
iL 
3 5 <-Thisis7- 5. 
2 8 0 <—Thisis7 - 40. 
3 15 <—Thisisthesum7-5 + 7- 40. 


To carry out the multiplication, we actually added two products. That is, 
7:-45=7(5+ 40) =7-5+7- 40. 


Let’s examine this further. If we wish to multiply a sum of several numbers 
by a factor, we can either add and then multiply, or multiply and then add. 


' EXAMPLE 12 Compute in two ways: 5- (4 + 8). 
a) 5: (4+ 8) Adding within parentheses first, and then multiplying 


t 


Compute. =5: 12 
20. a) 7: (3 + 6) = 60 
CS 3) b) 5: (4+ 8) = (5-4)+ (5-8) _ Distributing the multiplication to terms 
— a within parentheses first and then addin 
21. a) 2- (10 + 30) \ i : 
b) (2-10) + (2-30) = 20 + 40 
= 60 b 


22, a) (2+5)-4 


b) (2:4) + (5-4) Do Exercises 20-22. 


THE DISTRIBUTIVE LAW OF 
MULTIPLICATION OVER ADDITION 
Answers 


18. (4t)u, (tu)4, t(4u); answers may vary 
19. (2+ r)+5,(r+s)+2,s + (r+ 2); 
answers mayvary 20. (a)7-9 = 63; a(b + c) =ab + ac. 
(b) 21 + 42 =63 21. (a) 2- 40 = 80; 

(b) 20 + 60 = 80.22. (a) 7-4 = 28; 

(b) 8 + 20 = 28 


For any numbers a, b, and c, 
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In the statement of the distributive law, we know that in an expression 
such as ab + ac, the multiplications are to be done first according to the rules 
for order of operations. (See Section 1.6.) So, instead of writing (4 - 5) + 
(4-7), we can write 4-5 + 4- 7. However, in a(b + c), we cannot omit the 
parentheses. If we did, we would have ab + c, which means (ab) + c. For 
example, 3(4 + 2) = 3(6) = 18,but3-4+2=12+2= 14. 

There is another distributive law that relates multiplication and subtrac- 
tion. This law says that to multiply by a difference, we can either subtract and 
then multiply, or multiply and then subtract. 


THE DISTRIBUTIVE LAW OF 
MULTIPLICATION OVER SUBTRACTION 
For any numbers a, b, and c, 


a(b — c) = ab — ac. 


We often refer to “the distributive law” when we mean either or both of 
these laws. 


Do Exercises 23-25. 


What do we mean by the terms of an expression? Terms are separated by 
addition signs. If there are subtraction signs, we can find an equivalent expres- 
sion that uses addition signs. 


EXAMPLE 13 Whatare the terms of 3x — 4y + 2z? 
We have 
3x — 4y + 2z = 3x + (—4y) + 22. Separating parts with + signs 


The terms are 3x, —4y, and 2z. 


Do Exercises 26 and 27. 


The distributive laws are a basis for a procedure in algebra called multi- 
plying. In an expression like 8(a + 2b — 7), we multiply each term inside the 
parentheses by 8: 


8(a + 2b-7) =8-a+8-2b- 8-7 = 8at l6b— 56. 


EXAMPLES Multiply. 


14. 9.x —5)=9-x-9-5 Using the distributive law of multiplication 
over subtraction 


= 9x — 45 


15. 5(w + 1) 2.) Using the distributive law of multiplication 


over addition 


ll 
wire 
= 
4 

wl 


ll 
wins 
s 
4 
wino 


16. {(s—t+w)=4s—4t+ 4w Using both distributive laws 


Do Exercises 28-30. 


Calculate. 
PRY BD) (5 = 8) 
[d)) dhe By = Aho 8 


24a) 2-5 3) 
(i) Yes = (=n). 8 


25. a) 5- (2 — 7) 
i) in = ay 


What are the terms of each 
expression? 


26. 5x — 8y + 3 


(ilo Ay — Pe a> Bye 


Multiply. 
Pi, See = 5) 


78), Ge ae 11) 


30. =(p + q- t) 


Answers 
23. (a) 4-2 = 8; (b) 20 - 12 =8 


24, (a) -2-2 = —4;(b) -10 + 6 = —4 
25. (a) 5(—5) = —25; (b) 10 — 35 = —25 
26. 5x, —8y,3 27. —4y, —2x, 3z 
28. 3x-—15 29. 5x +5 
3. 3 3 
30. —p + —q-=t 
gP TSI Ss 
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EXAMPLE 17 Multiply: —4(x — 2y + 32). 


—A4(x — 2y + 3z) = —4- x — (-4)(2y) + (-4)(3z) Using both dis- 
tributive laws 


= —4x — (—8y) + (-12z) Multiplying 
= —4x + By — 12z 


We can also do this problem by first finding an equivalent expression 
with all plus signs and then multiplying: 
Multiply. 


—A(x — 2y + 3z) = —4[x + (—2y) + 3z] 
31. —2(x — 3) 


= —4-x + (—4)(—2y) + (-4)(3z) 
Be, (ge = Zip ae Aka) = —4x + By — 122z. 


Beh Sage = Dip ae dl) Do Exercises 31-33. 


EXAMPLES Name the property or law illustrated by each equation. 


Equation Property 
Nee DISPeMy Cr ow ilastated 18. 5x = x(5) Commutative law of multiplication 
by each equation. — 
34. (—8a)b = —8(ab) 19. a+ (8.5 + b) =(a+8.5)+b Associative law of addition 
20.0+ 11=11 Identity property of 0 
35.p-1=p 21. (—5s)t = —5(st) Associative law of multiplication 
3 3 
36. m + 34 = 34 + m 22.71 = 5 Identity property of 1 
37. 2(t + 5) = 2t + 2(5) 23. 12.5(w — 3) = 12.5w — 12.5(3) Distributive law of multiplication 
over subtraction 
38.0 +k=k ‘4 
24. yt+tr-=—-+y Commutative law of addition 
39. —8x = x(—8) ag 


40. x + (4.3 + b) = (x + 4.3) + b Do Exercises 34-40. } 
d) Factoring 


Factoring is the reverse of multiplying. To factor, we can use the distributive 
laws in reverse: 


ab+ac=a(b+c) and ab-—ac=a(b-c). 


FACTORING 


To factor an expression is to find an equivalent expression that is a 
product. 


To factor 9x — 45, for example, we find an equivalent expression that is a 
product: 9(x — 5). This reverses the multiplication that we did in Example 14. 
When all the terms of an expression have a factor in common, we can “factor 


Answers it out” using the distributive laws. Note the following. 

31. -2x+6 32. 5x — loy + 20 

33. ie + loy — See oT Peraenn iat 9x has the factors 9, —9, 3, —3, 1, —1, x, —x, 3x, —3x, 9x, —9x; 
muiNpleanon Sox Meany popeny ere —45 has the factors 1, —1, 3, —3, 5, —5, 9, —9, 15, -15, 45, —45 


36. Commutative law of addition 

37. Distributive law of multiplication over 
addition 38. Identity property of 0 

39. Commutative law of multiplication 
40. Associative law of addition 
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We generally remove the largest common factor. In this case, that factor is 9. 
Thus, 
9x -—45=9-x-9:°-5 
= 9(x — 5). 
Remember that an expression has been factored when we have found 
an equivalent expression that is a product. Above, we note that 9x — 45 and 


9(x — 5) are equivalent expressions. The expression 9x — 45 is the difference 
of 9x and 45; the expression 9(x — 5) is the product of 9 and (x — 5). 


EXAMPLES Factor. 
25. 5x -10=5-x-5:-2 Try to do this step mentally. 


= 5(x — 2) You can check by multiplying. 


26. ax — ay+ az=a(x-y+t2Z) 


27. 9x + 27y —-9=9-X+9-3y—-9-1= 9(x + 3y—- 1) 


Note in Example 27 that you might, at first, just factor out a 3, as follows: 


Si 21 9 = SSeS Oy 33 
= 3(3x + 9y — 3). 
At this point, the mathematics is correct, but the answer is not because there 
is another factor of 3 that can be factored out, as follows: 
3:-3x+3-9y— 3-3 = 3(3x + 9y — 3) 
= 3(3-x+3-3y- 3-1) 
= 3-3(x + 3y- 1) 
= 9(x + 3y — 1). 


We now have a correct answer, but it took more work than we did in Exam- 
ple 27. Thus it is better to look for the greatest common factor at the outset. 


EXAMPLES Factor. Try to write just the answer, if you can. 
28. 5x — Sy = 5(x — y) 


29. —3x + 6y — 92 = —3(x — 2y + 3z) 
We usually factor out a negative factor when the first term is negative. 
The way we factor can depend on the situation in which we are working. 
We might also factor the expression in Example 29 as follows: 


3x + 6y — 9Z = 3(—x + 2y — 32). 


30. 18z — 12x — 24 = 6(3z — 2x — 4) 


31. 5x + 3y — 3 =5(x + 3y- 1) 


Remember that you can always check factoring by multiplying. Keep in 
mind that an expression is factored when it is written as a product. 


| Do Exercises 41-46. 


Factor. 
41. 6x — 12 


42. 3x — 6y + 9 
43. bx + by — bz 


44, 16a — 36b + 42 
3 5 Ff 
ee 
a 8) 


46, —12x + 32y — 16z 


Answers 


Al. 6(x— 2) 42. 3(x — 2y + 3) 
43. D(x +y—z) 44. 2(8a — 18b + 21) 


1 
45. PGs —5y+7) 46. —4(3x — 8y + 4z), 
or 4(—3x + 8y — 4z) 


7.7 Properties of Real Numbers 545 


(e) Collecting Like Terms 


Terms such as 5x and —4x, whose variable factors are exactly the same, are 
called like terms. Similarly, numbers, such as —7 and 13, are like terms. Also, 
3y* and 9y* are like terms because the variables are raised to the same power. 
Terms such as 4y and 5y” are not like terms, and 7x and 2y are not like terms. 

The process of collecting like terms is also based on the distributive laws. 
We can apply a distributive law when a factor is on the right because of the 
commutative law of multiplication. 

Later in this text, terminology like “collecting like terms” and “combining 
like terms” will also be referred to as “simplifying.” 


! EXAMPLES Collect like terms. Try to write just the answer, if you can. 


32. 4x + 2x = (4+ 2)x = 6x Factoring out the x using a distributive law 


33. 2x + 3y — Sx — 2y = 2x — 5x + 3y — 2y 

= (2—5)x + (3 - 2)y = -3x + ly=—-3x+y 
34. 3x — x = 3x — lx = (3 — 1)x = 2x 
35. x — 0.24x = 1-x — 0.24x = (1 — 0.24)x = 0.76x 


Collect like t : 
Secretar 36. x-— 6x =1-x-—6-x=(1-—6)x = —5x 
47. 6x — 3x 48. 7x — x 
37. 4x — 7y + 9x —5 + 3y — 8 = 13x — 4y — 13 
49.x—-9 50. x — 0.41 
igi : = 38. 2a-—b+#a+tb 10 = 4a 1-b+ a+ 4b 10 
Blots 4ye= 2h. = (3+ $)a + (-1+4)b- 10 
10 12 4 1 
+ +(-¢+ 4}b-1 
52. 3x — 7x — 11 + By + 4— 13y (15 i3)4 (i + 2)b - 10 
= 754 7b — 10 ) 


oo gins. eign oe. Do Exercises 47-53. 


STUDY TIPS 


LEARNING RESOURCES 


Please see the preface for more information on these resources and others. 
To order any of our products, call (800) 824-7799 in the United States or 
(201) 767-5021 outside the United States, or visit your campus bookstore. 


e@ The Student's Solutions Manual contains fully worked-out solutions to 
the odd-numbered exercises in the exercise sets, as well as solutions 
to all exercises in the Mid-Chapter Reviews, end-of-chapter Review 
Exercises, and Chapter Tests. 


Answers 
47. 3x 48. 6x 49. —8x 50. 0.59x 
51. 3x + 3y 52. —4x — Sy —-7 
53 ay a foe 
"Jo* 7 9% 3 
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For Extra Help 


Exercise Set MyMathLab 


mi HG = & 


PRACTICE WATCH DOWNLOAD 


(a) Find an equivalent expression with the given denominator. 


2 2 
ie gee gt 80 gta 228 ee 
5 5y 8 8t 3 ~ 15% 7 14y x x? 9x  9xy 
Simplify. 
24 42t 64 20st 21lw 
a & ——_ i eee ie 12, —— 
16a 18¢ 36ab 48pq 15t 7WZ 
(b) Write an equivalent expression. Use a commutative law. 
13. y+ 8 14.x +3 15. mn 16. yz 
17.9 + xy 18. 11 + ab 19. ab+c 20. rs + t 
Write an equivalent expression. Use an associative law. 
21.a+ (b+ 2) 22. 3(vw) 23. (8x)y 24. (y+z)+7 
25. (a+ b) +3 26. (5 +x) +y 27. 3(ab) 28. (6x)y 
Use the commutative and associative laws to write three equivalent expressions. 
29. (a + b) + 2 30. (3 +x) +y 31.5 + (v+w) 32.6 + (x+y) 
33. (xy)3 34. (ab)5 35. 7(ab) 36. 5(xy) 
(c) Multiply. 
37. 2(b + 5) 38. 4(x + 3) 39. 7(1 + t) 40. 4(1 + y) 
Al. 6(5x + 2) 42. 9(6m + 7) 43. 7(x + 4 + 6y) 44, 4(5x + 8 + 3p) 
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45. 


48. 


Sl. 


54. 


57. 


59. 


7(x — 3) 46. 15(y — 6) 


47. —3(x — 7) 


5 
50. 8 (y =e 16) 


53. - F(x —y+ 10) 


56. —7(—2x — 5y + 9) 


1.2(4% — 2.1) 49. =(b — 6) 

7.3(x — 2) 52. 5.6(x — 8) 

—F(a + b- 12) 55. —9(—5x — 6y + 8) 

—4(x — 3y — 22z) 58. 8(2x — 5y — 8z) 
3.1(-1.2x + 3.2y — 1.1) 60. —2.1(—4.2x — 4.3y 


List the terms of each expression. 


61. 4x + 3z 62. 8x — 1.4y 63. 7x + By — 9z 
©) Factor. Check by multiplying. 

65. 2x + 4 66. 5y + 20 67. 30 + 5y 

69. 14x + 2ly 70. 18a + 24b 71. 14t-—7 

73. 8x — 24 74. 10x — 50 75. 18a — 24b 
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2.2) 


64. 8a + 10b — 18c 


68. 7x + 28 


72. 25m — 5 


76. 32x — 20y 
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77. 


81. 


85. 


89. 


93. 


97. 


100 


103 


106 


109. 


112 


—4y + 32 78. —6m + 24 79. 
16m — 32n + 8 82. 6x + 10y — 2 83. 
8x + 10y — 22 86. 9a + 6b — 15 87. 
ax — ay — az 90. cx + cy — cz 91. 
Sx 2y+e 94. a+ =b- = 95. 
Collect like terms. 
9a + 10a 98. 12x + 2x 
 =loe xX 101. 2x + 9z + 6x 
. 7x + Gy? + Oy? 104. 12m? + 6g + 9m? 


42x -—-6-4x+ 2 


1 1 
— + — 
2? 2? 


1 
~~at+at 5a 
2 


5x + 10+ 15y 


12a + 4b — 24 


ax —a 


—18x + 12y +6 


36x — 6y + 18z 


107. 23 + 5t+ 7y-t-y 
2 1 

110. -x+ =x 
3 3 

113. llx — 3x 


27 


99. 


102. 


105. 


80. 9a + 27b + 81 


84. 8m — 4n + 12 
88. by — 9b 
92. —14x + 2ly+7 


96. 8a — 4b + 20c 


-10a-—a 
3a—5b+ 7a 
4la + 90 — 60a — 2 


108. 45 — 90d — 87 - 9d + 3+ 7d 
1 
111. 2y + a7 +y 
114, 9t — 17t 
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115. 6n — n 116. 100¢ — ¢ 117. y — 17y 


118. 3m —- 9m+ 4 119. -8 + lla— 5b+ 6a-—7b+7 120. 8x — 5x + 6+ 3y —- 2y—-4 
121. 9x + 2y — 5x 122. 8y — 3z + 4y 123. llx + 2y —- 4x —y 
124. 13a + 9b — 2a — 4b 125. 2.7x + 2.3y — 1.9x — 1.8y 126. 6.7a + 4.3b — 4.la — 2.9b 
127. = 25 ar S b — 42 128. 5 ey as Ly + 12 

2 5 3 10 4 3 5 6 


Skill Maintenance 


Find the LCM. [1.9a] 


129. 16, 18 130. 18, 24 131. 16, 18, 24 132. 12, 15, 20 
133. 16, 32 134, 24, 72 135. 15, 45, 90 136. 18, 54, 108 
fae dds to hoy, 1 2 

137. Add and simplify: 2 + 16° [2.3a] 138. Subtract and simplify: ree [2.3b] 
ove : 3 
139. Subtract and simplify: ee [2.3b] 140. Convert to percent notation: 10° [4.3a] 
Synthesis 
Determine whether the expressions are equivalent. Explain why if they are. Give an example if they are not. Examples may vary. 
141. 3t+5and3-5+f 142. 4xandx + 4 
143. 5m + 6and6 + 5m 144, (x + y) + zandz+ (x+y) 
145. Factor: q + gr + qrs + qrst. 146. Collect like terms: 


21x + 44xy + 1l5y — 16x — By — 38xy + 2y + xy. 


550 CHAPTER 7 _ Introduction to Real Numbers and Algebraic Expressions 


Copyright © 2012 Pearson Education, Inc. 


We now expand our ability to manipulate expressions by first considering 
opposites of sums and differences. Then we simplify expressions involving 
parentheses. 


(a) Opposites of Sums 


What happens when we multiply a real number by —1? Consider the following 
products: 


-1(7)=-7, -1(-5)=5, —-1(0) =0. 
From these examples, it appears that when we multiply a number by —1, we 


get the opposite, or additive inverse, of that number. 


THE PROPERTY OF —1 


For any real number a, 


Hlea= 4a. 


(Negative one times a is the opposite, or additive inverse, of a.) 


The property of —1 enables us to find expressions equivalent to opposites 
of sums. 


! EXAMPLES Find an equivalent expression without parentheses. 
1. —(3 + x) = -1(3 + x) Using the property of —1 


=(3 oe (S1)x Using a distributive law, multiplying 
each term by —1 


= —3 + (-x) Using the property of —1 
= 3: =x 


2. —(3x + 2y + 4) 


Il 


ll 


—1(3x + 2y+4) — Using the property of —1 


—1(3x) + (-1)(2y) + (-1)4 Using a distributive 
aw 


ll 


ll 


—3x — 2y—4 Using the property of —1 ) 


[Do Exercises 1 and 2. 
Suppose we want to remove parentheses in an expression like 
—(x — 2y + 5). 


We can first rewrite any subtractions inside the parentheses as additions. 
Then we take the opposite of each term: 


—(x — 2y + 5) 


ll 


—[x + (-2y) + 5] 
—x + 2y + (-5) = —x + 2y — 5. 


The most efficient method for removing parentheses is to replace each term 
in the parentheses with its opposite (“change the sign of every term”). Doing 
so for —(x — 2y + 5), we obtain —x + 2y — 5 as an equivalent expression. 


Find an equivalent expression 
without parentheses. 
ie 2) 


Bo = (Sse + Dy eB) 


Answers 
eae? 2.54 2y — 8 
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. EXAMPLES Find an equivalent expression without parentheses. 
Find an equivalent expression without 


parentheses. Try to do this in one step. 3. -(5-—y)=-—5+y Changing the sign of each term 
SoG 4. —(2a - 7b — 6) = -2a+ 7h +6 

5. —(-3x + 4y + z— 7w — 23) = 3x — 4y— z+ 7w + 23 b 
4. —-(x—y) 


Beata 3, 10) Do Exercises 3-6. 


6. —(18 — m — 2n + 4z) (b) Removing Parentheses and Simplifying 


When a sum is added to another expression, as in 5x + (2x + 3), we can 
simply remove, or drop, the parentheses and collect like terms because of the 
associative law of addition: 


5x + (2x + 3) =5x + 2x+3= 7x + 3. 


On the other hand, when a sum is subtracted from another expression, as in 
3x — (4x + 2), we cannot simply drop the parentheses. However, we can sub- 
tract by adding an opposite. We then remove parentheses by changing the sign 
of each term inside the parentheses and collecting like terms. 


' EXAMPLE 6 Remove parentheses and simplify. 


3x — (4x + 2) = 3x + [-(4x + 2)] Adding the opposite of (4x + 2) 


= 3x + (—4x — 2) Changing the sign of each term 
inside the parentheses 


3X — AN — 2 
=%— 2 Collecting like terms j 


Caution! 


Note that 3x — (4x + 2) # 3x — 4x + 2. You cannot simply drop the 


Remove parentheses and simplify. parentheses 


To fee = (Sse ae 8) 


Ch p= 2 = (27 = 2) Do Exercises 7 and 8. | 


In practice, the first three steps of Example 6 are usually combined by 
changing the sign of each term in parentheses and then collecting like terms. 


' EXAMPLES Remove parentheses and simplify. 


7. Sy — (3y + 4) = 5y—- 3y-4 Removing parentheses by changing the 
sign of every term inside the parentheses 


=2y—-4 Collecting like terms 
8. 3x — 2 — (5x — 8) = 3x -2-—5x+8 
Remove parentheses and simplify. — 9x46 
Gee = (4a ae 7) 
9. (3a + 4b — 5) — (2a — 7b + 4c — 8) 
10. 8y — 3 — (Sy — 6) =3a+4b-5-2a+ 7b-4c+8 
11. (2a + 3b — c) — (4a — 5b + 2c) =a+ llb—-4c+3 


Do Exercises 9-11. 


Answers 


3.-6+t 4 -x+y 5. 4a — 3t + 10 
6. -18 + m+ 2n — 4z 7. 2x -9 

8 3y+2 92x-7 10. 3y+3 

ll, —24@ + 8b — 3e 
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Next, consider subtracting an expression consisting of several terms mul- 
tiplied by a number other than 1 or —1. 


EXAMPLE 10 Remove parentheses and simplify. 


x-— 3(x+y)=x+[-3(x + y)] Adding the opposite of 3(x + y) 
=x + [|-3e— Sy] Multiplying x + y by —3 


=X — 3x — 3y 


—2x — 3y Collecting like terms b 


EXAMPLES Remove parentheses and simplify 


ll. 3y — 2(4y — 5) = 3y — By + 10 Multiplying each term in the Remove parentheses and simplify. 
parentheses by —2 
2, 9 = Ose st 9) 


= —5y + 10 
12. (2a + 3b — 7) — 4(-—5a — 6b + 12) 13. 5a — 3(7a — 6) 
=2a+ 3b-7+ 20a + 24b — 48 = 22a + 27b - 55 14, 4a — b — 6(5a — 7b + 8c) 
13. 2y — 3(9y — 12) = 2y- 3y+ 4=-y+4 ; 
14, 6(5x — 3y) — 2(8x + y) = 30x — 18y — 16x — 2y = 14x — 20y i UO Cy 29) 


Do Exercises 12-16. 16. 4.6(5x — 3y) — 5.2(8x + y) 


(c) Parentheses Within Parentheses 


In addition to parentheses, some expressions contain other grouping symbols 
such as brackets [ ] and braces {}. 


When more than one kind of grouping symbol occurs, do the computa- 
tions in the innermost ones first. Then work from the inside out. 


EXAMPLES Simplify. 

15. [3 — (7 + 3)] = [3 - 10] = -7 

16. {8 — [9 — (12 + 5)]} = {8 —[9 — 17]} Computing 12 + 5 
[ 


= {8 — [-8]} Computing 9 — 17 
=8+8=16 
17. [( 4) + ( +) > += [(-4) -(-4)] +4 Working within the brackets; Simplify. 
computing (—4) + (—j) 17. 12 — (8 + 2) 
= 16+; 
aera 18. 9 — [10 — (13 + 6)] 
18. 4(2 + 3) — {7 —-[4- (8 + 5)]} 19. [24 + (—2)] + (2) 
=4-5- {7- [4- 13]} Working with the innermost ; ; 
parentheses first OO eo eo) 
= 20 — {7 — [-9]} Computing 4 - 5 and4 — 13 
= 20 — 16 Computing 7 — [-9] 


= b 
Answers 


| Do Exercises 17-20. 12. —9x — By 13. —16a + 18 
14. —26a + 41b— 48c 15. 3x —7 
16. —18.6x—19y 17.2 18.18 


19.6 20. 17 
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21. Simplify: 
[Se ae 2) ze A] = 


[4(y + 2) — 3(y — 2)]. 


Simplify. 
(a, 3) = AY > 8X0) 


7b BY = Ge 2 


24, -24 + 3 — 48 + (—4) 


Answers 


21.5% —-y—8 22. —-1237 23. 


554 CHAPTER 7 


8 


24, 


4 


| EXAMPLE 19 Simplify. 


[5(x + 2) — 3x] — [3(y + 2) — 7(y — 3)] 


= [5x + 10 — 3x] — [3y+6-— 7y+ 21] Working with the 
innermost 
parentheses first 


= [2x + 10] —[—4y+ 27] Collecting like terms within brackets 


= 2x + 10 + 4y — 27 Removing brackets 
= 2x+ 4y-17 Collecting like terms } 


Do Exercise 21. 


(d) Order of Operations 


When several operations are to be done in a calculation or a problem, we 
apply the same rules that we did in Section 1.6. We repeat them here for re- 
view. (If you did not study that section earlier, you may wish to do so now.) 


RULES FOR ORDER OF OPERATIONS 


1. Do all calculations within grouping symbols before operations 
outside. 


2. Evaluate all exponential expressions. 
3. Do all multiplications and divisions in order from left to right. 
4. Do all additions and subtractions in order from left to right. 


These rules are consistent with the way in which most computers and 
scientific calculators perform calculations. 


' EXAMPLE 20 Simplify: —34 - 56 — 17. 


There are no parentheses or powers, so we start with the third step. 


—34-56 — 17 = —1904 — 17 Doing all multiplications and 
divisions in order from left to right 


= —1921 Doing all additions and subtractions 
in order from left to right ) 


| EXAMPLE 21 Simplify: 25 + (—5) + 50 + (—2). 


There are no calculations inside parentheses and no powers. The paren- 
theses with (—5) and (—2) are used only to represent the negative numbers. 
We begin by doing all multiplications and divisions. 


25 + (-5) + 50 + (-2) 


= 4 + (-25) Doing all multiplications and divisions in order 


from left to right 


= Doing all additions and subtractions in order 
from left to right 


Do Exercises 22-24. 
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EXAMPLE 22 Simplify: —24 + 51-4 — (37 + 23- 2). 
24 + 51+4— (37 + 23+ 2) 
= —24+51-4- (37+ 46) Working within the parentheses 
=—27+51+4— 83 


= —-16+ 51-4 - 83 Evaluating exponential expressions. 
Note that —24 # (—2)4. 

= —16 + 204 — 83 Doing the multiplication 

= 188 — 83 Doing all additions and subtractions 
in order from left to right 

= 105 


A fraction bar can play the role of a grouping symbol. 


64 + (—16) + (-2) 
23 = 32 
An equivalent expression with brackets as grouping symbols is 


[-64 + (-16) + (—2)] + [2° — 37]. 


EXAMPLE 23 Simplify: 


This shows, in effect, that we do the calculations in the numerator and then 


in the denominator, and divide the results: Simplify. 
25. -48 + 52-5453 
Cee IAA) 2 es . (42 — 48 = 4) 
=e 8-9 = 
5 = 0) = bio BS} 
5 26 
| Do Exercises 25 and 26. 234+ 32-7 


(| Calculator Corner 


Order of Operations and Grouping Symbols Parentheses are necessary in some (—5@—6)—12 y 
calculations in order to ensure that operations are performed in the desired order. To simplify —5(3 — 6) — 12, |-s«3-6-12 ; 
we press ) G) QVQDOOOC DOO] SB. The result is 3. Without parentheses, the = 
computation is —5 - 3 — 6 — 12, and the result is —33. 

When a negative number is raised to an even power, parentheses must also be used. To find (-3)4, we (34 
press QD) ZS) QD |S / GB. Fhe result is 81. Without parentheses, the computation is -34 
34 = -1-34 = -1- 81 = -81. ss 

Jesus _. 49 — 104 : 

To simplify an expression like Faq te must enter it as (49 — 104) + (7 + 4). We press (49—104)/(7+4) = 
DYDD VO VV OB VOIODH © PSG. The result is —5. 


Exercises: Calculate. 


1.-8+4(7-9)+5 2, =—3[2 + (—5)] 3. 7[4 — (-3)] + 5[3% — (-4)] 
4, (-7)§ 5. (-17)° 6. (—104)3 
7. —76 8. -17° 9. —1048 
38 — 178 311 — 172 285 — 54 
10. ———— 11, —__— 12. 785 — 
a 5 + 30 2-13 BS 17+3°-5l 
Answers 


25. 317-26. —12 
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Translating 
for Success 


6. Electric Bill. Last month Todd’s 
electric bills for his two rentals 
were $83.70 and $62.40. What 
was the total electric bill for the 


1. Calories in Cereal. There are 
140 calories in a 15-cup serving 
of Brand A cereal. How many 
calories are there in 6 cups of the 


The goal of these matching questions 
is to practice step (2), Translate, of the 


cereal? 


. Calories in Cereal. There are 
140 calories in 6 cups of Brand B 
cereal. How many calories are 
there in a 15-cup serving of the 
cereal? 


. Gallons of Gasoline. Jared’s SUV 
traveled 310 mi on 15.5 gal of 
gasoline. At this rate, how many 
gallons would be needed to 
travel 465 mi? 


. Gallons of Gasoline. Elizabeth's 
new fuel-efficient car traveled 
465 mi on 15.5 gal of gasoline. At 
this rate, how many gallons will 
be needed to travel 310 mi? 


5. Perimeter. Find the perimeter 


of a rectangular field that mea- 
sures 83.7 m by 62.4 m. 


five-step problem-solving process. 
Translate each word problem to an 
equation and select a correct 
translation from equations A—O. 


. 74-71R =x 
x = 83.7 + 62.4 


. 713 + x = 765 


x = 2(83.7 + 62.4) 


465 _ 310 


* 15.5 x 
. xX = 83.7: 62.4 


~x = 180+ 12 


Answers on page A-14 


two properties? 


. Package Tape. A postal service 


center uses rolls of package tape 
that each contain 180 ft of tape. 
If it takes an average of 1 ft per 
package, how many packages 
can be taped with one roll? 


. Online Price. Jane spent $180 for 


an area rug in a department store. 
Later she saw the same rug for 
sale online and realized she had 
paid 15 times the online price. 
What was the online price? 


. Heights of Sons. Henry’s three 


sons played basketball on three 
different college teams, Jeff, 
Jason, and Jared’s heights are 
74 in., 71 in., and 763 in., 
respectively. How much taller is 
Jared than Jason? 


. Total Investment. An investor 


bought 74 shares of stock at 
$714 per share. What was the 
total investment? 


For Extra Help 


7.8 | BRC MyMathLab 


Mathéxy- 


PRACTICE 


® 
READ 


WATCH DOWNLOAD REVIEW 


(a) Find an equivalent expression without parentheses. 


1. —(2x + 7) 2. —(8x + 4) 3. —(8 — x) 4. —(a — b) 
5. —(4a — 3b + 7c) 6. —(x — 4y — 3z) 7. —(6x — By + 5) 8. —(4x + 9y + 7) 
9. —(3x — 5y — 6) 10. —(6a — 4b — 7) 11. —(—8x — 6y — 43) 12. —(—2a + 9b — 5c) 


(b) Remove parentheses and simplify. 


13. 9x — (4x + 3) 14, 4y — (2y + 5) 15. 2a — (5a — 9) 

16. 12m — (4m — 6) 17. 2x + 7x — (4x + 6) 18. 3a + 2a — (4a + 7) 

19. 2x — 4y — 3(7x — 2y) 20. 3a — 9b — 1(4a — 8b) 21. 15x — y— 5(3x — 2y + 5z) 
22. 4a — b — 4(5a — 7b + 8c) 23. (3x + 2y) — 2(5x — 4y) 24. (—6a — b) — 5(2b + a) 
25. (12a — 3b + 5c) — 5(—5a + 4b — 6c) 26. (—8x + 5y — 12) — 6(2x — 4y — 10) 
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27. 


31. 


33. 


35. 


37. 


39. 


41. 


44, 


47. 


50. 


Simplify. 


9 — 2(5 — 4) 


28. 6 — 5(8 — 4) 


Simplify. 


B= 263 39 


(8 — 2)(3 — 9) 


16 - (—24) + 50 


40 — 32 — 23 
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42, 8 — (2-3-9) 


32. 


34. 


36. 


38. 


40. 


. 87 — 6(4 — 2)] 


48. 10-20 — 15- 24 


51. 5° + 26-71 — (16 + 25-3) 


43, (8 — 2-3) -9 


49. 24+ 23 — 10 


52. 43 + 10-20 + 82 — 23 


30. 10[7 — 4(7 — 5)] 
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53 


56. 


59 


62. 


65. 


68. 


71. 


74. 


77. 


80. 


53 — 72 


. 19 — 5(-3) + 3 


32 —-8+4- (-2) 
—g2 -— 3 
20 + 43 = (-8) 


6[9 — (3 — 4)] 


256 + (—32) + (-4) 


10 — 6° 
ea a 


20/6 = 3) = 4(16 =) 


10(2 =.6) = 25 +2) 


54 


57. 


60. 


63. 


66. 


69. 


72. 


75. 


78. 


81. 


.4-(6 + 8)/(4 + 3) ge 
OC =7).-6(=3) a 
14 — 2(-6) +7 61. 


ee 64. 
ae ld 67. 
2 - 10° — 5000 =. 
8[(6 — 13) — 11] ae 
a2) 76. 
|23 — 32| + |12- 5] 
32 + (-16) + (-4) 82. 
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43/8 


10(—5) + 1(-1) 


9+ (-3) + 16+ 8 


26? 7 


12 — 203 


-7(34) + 18 


1000 = ( 


(8-7) -9 


3(6-7)-5-4 
eeu are ay 


=H? = = 315 


100) = 


10 


[12 — 9] + [ua — 14I 
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Skill Maintenance 


In each of Exercises 83-90, fill in the blank with the correct term from the given list. Some of the choices may not be used and 
some may be used more than once. 
83. The set of is natural numbers 
{...,-5, -4, -3, -2, -1,0,1,2,3,...}. [7.2a] 


whole numbers 


integers 
84. Two numbers whose sum is 0 are called 


of each other. [7.3b] real numbers 


multiplicative inverses 


85. The of addition says that additive inverses 
a+b=b+ aforanyrealnumbersaandb._ [7.7b] commutative law 


associative law 
86. The states that for any real number a, distributive law 
a-l=1-:a=a. [7.7al 


identity property of 0 
87. The of addition says that identity property of 1 
a+ (b+ c) =(a+ b) +c for any real numbers a, b, property of —1 
andc. [7.7b] 
88. The of multiplication says that 


a(bc) = (ab)c for any real numbers a, b, and. [7.7b] 


89. Two numbers whose product is 1 are called 
of each other. [7.6b] 


90. The equation y + 0 = yillustrates the 
[7.7a] 


Synthesis 


Find an equivalent expression by enclosing the last three terms in parentheses preceded by a minus sign. 


91. 6y + 2x — 3a +c 92.x-y-a-—b 93. 6m + 3n — 5m + 4b 


Simplify. 
94. z — {2z — [3z — (4z — 5z) — 6z] — 7z} — 8z 


95. {x — [f— (f— x)] + [x — f]} — 3x 


96. x — {x-1l-[x-2-(x-3- {x-4-[x-5- (x-6)]})]} 


97. # Use your calculator to do the following. 98. Express 3° + 33 + 3° asa power of 3. 
a) Evaluate x2 + 3 when x = 7, when x = —7, and 
when x = —5.013. 
b) Evaluate 1 — x? when x = 5, when x = —5, and 


when x = —10.455. 


Find the average. 
99. —15, 20, 50, —82, —7, —2 100. =1,.-1,. 2, =2; 3,8, =LO0 
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CHAPTER 


7 |. Summary and Review 


>) 
Key Terms and Properties 
variable, p. 486 opposites, p. 494 reciprocals, p. 530 
constant, p. 486 rational numbers, p. 495 multiplicative inverse, p. 530 
algebraic expression, p. 487 terminating decimal, p. 497 equivalent expressions, p. 538 
substitute, p. 487 repeating decimal, p. 497 factor, p. 544 
evaluate, p. 487 irrational numbers, p. 497 like terms, p. 546 
natural numbers, p. 493 real numbers, p. 498 collect like terms, p. 546 
whole numbers, p. 493 absolute value, p. 500 
integers, p. 493 additive inverse, p. 507 
Properties of the Real-Number System 
The Commutative Laws: a+ b=b+a, ab=ba 
The Associative Laws: a+ (b+ c)=(a+b)+c, a(bc) = (ab)c 
The Identity Properties: a+0O=0+a=a, a-l1=1-:a=a 
The Inverse Properties: For any real number a, there is an opposite —a such that a + (—a) = (-a) + a= 0. 
1 1 1 
For any nonzero real number 4, there is a reciprocal re such that a - ae 1 

The Distributive Laws: a(b+c)=ab+ac, a(b-c) =ab—-ac 
The Property of —1: -l-a=~—a 
Concept Reinforcement 
Determine whether each statement is true or false. 

1. Every whole number is also an integer. [7.2d] 

2. The product of an even number of negative numbers is positive. [7.5a] 

3. The product of a number and its multiplicative inverse is —1. [7.6b] 

4. a < balso has the meaning b= a. [7.2d] 
Important Concepts 
Objective 7.1a Evaluate algebraic expressions by substitution. 
Example Evaluate y — zwheny = 5andz = —7. Practice Exercise 

y-B@=—5— (+7) =b+7=—12 1. Evaluate 2a + b whena = —landb = 16. 
Objective 7.2d Determine which of two real numbers is greater and indicate which, using < or >. 
Example Use < or > for to write a true sentence: Practice Exercise 
=O 12; 2. Use < or > for [_] to write a true sentence: —6 —3. 
Since —5 is to the right of —12 on the number line, we 
have —5 > —12. 
q A 
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a 


(c) lo}. 
a) The 


b) The 


c) The 


Objective 7.2e Find the absolute value of a real number. 


Example Find the absolute value: (a) |21|; (b) |—3.2|; 


number is positive, so the absolute value is the 


same as the number. 


21| = 21 
number is negative, so we make it positive. 
—3.2| = 3.2 


number is 0, so the absolute value is the same as 


the number. 


0| = 0 


Example Add without using the number line: 


a) The 


b) The 


a) The 


b) The 


(a) -13 + 4; (b) —2 + (-3). 


a) We have a negative number and a positive number. 
The absolute values are 13 and 4. The difference is 9. 
The negative number has the larger absolute value, 
so the answer is negative. 


-13+4=-9 


b) We have two negative numbers. The sum of the abso- 
lute values is 2 + 3, or 5. The answer is negative. 


-2 + (-3) = -5 


Objective 7.4a Subtract real numbers. 


Example Subtract: —4 — (—6). 


4—(-6)=-4+6=2 


Objective 7.5a Multiply real numbers. 


Example Multiply: (a) —1.9(4); (b) —7(-—6). 


signs are different, so the answer is negative. 
~1.9(4) = -7.6 

signs are the same, so the answer is positive. 
—7(-6) = 42 


Objective 7.6a Divide integers. 


Example Divide: (a) 15 + (—3); (b) —72 = (-9). 


signs are different, so the answer is negative. 
15 + (-3) = —5 
signs are the same, so the answer is positive. 
-72 + (-9) =8 


Practice Exercise 


3. Find: 


Objective 7.3a Add real numbers without using the number line. 


Practice Exercise 
4. Add without using the number line: —5.6 + (—2.9). 


Practice Exercise 
5. Subtract: 7 — 9. 


Practice Exercise 
6. Multiply: —8(-—7). 


Practice Exercise 
7. Divide: —48 + 6. 
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a 


Objective 7.6c Divide real numbers. 


Fxample Divide: (a) Practice Exercise 


1. 3. 7 
zt gs (b) 22.4 + (-4). 


i 3 5 
a) We multiply by the reciprocal of the divisor: Babine: 4 . ( 2) 
1 3 1 5 5 
4°95 43. ° «12° 
b) We carry out the long division: 
~22.4 + (—4) = 5.6. 


Objective 7.7a Simplify fraction expressions. 


18 Practice Exercise 
Example Simplify: — 
15x ; 45y 
9. Simplify: ——. 
_ 18x _ _6-+3x Factoring the numerator and oy 27y 
15x 5+ 3x the denominator 


6 3x Factoring the fraction 
5 3x expression 


264 Bay 
5 ou 
= > Removing a factor of 1 


Objective 7.7c Use the distributive laws to multiply expressions like 8 and x — y. 


Example Multiply: 3(4x — y + 2z). Practice Exercise 
3(4x — y + 2z) 10. Multiply: 5(x« + 3y — 4z). 
=3-4x-3:-y+3-2z 
= 12x — 3y + 6z 


Objective 7.7d Use the distributive laws to factor expressions like 4x — 12 + 24y. 


Example Factor: 12a — 8b + 4c. Practice Exercise 
12a — 8b + 4c 11. Factor: 27x + 9y — 36z. 
=4-3a—4-2b+4-c 
= 4(3a — 2b + c) 


Objective 7.7e Collect like terms. 


Example Collect like terms: 3x — 5y + 8x + y. Practice Exercise 
3x — 5y + 8x + y 12. Collect like terms: 6a — 4b — a + 2b. 
= 3x + 8x—-5y+y 


=3x+ 8x-Sy+1-y 


Summary and Review: Chapter 7 
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Objective 7.8b Simplify expressions by removing parentheses and collecting like terms. 


Example Remove parentheses and simplify: 
5x — 2(3x — y). 
5x — 2(3x — y) = 5x — 6x + 2y= —x + 2y 


Practice Exercise 
13. Remove parentheses and simplify: 
8a — b — (4a + 3b). 


Objective 7.8d Simplify expressions using the rules for order of operations. 


Example Simplify: 12 — (7 — 3-6). 
12 — (7-3-6) = 12 - (7 - 18) 


= 12 -(-11) 
=12+11 
= 23 


Review Exercises 


The review exercises that follow are for practice. Answers 
are at the back of the book. If you miss an exercise, restudy 
the objective indicated in red after the exercise or the 
direction line that precedes it. 


x- 


1. Evaluate ee = 17andy=5. [7.1a] 


2. Translate to an algebraic expression: [7.1b] 
Nineteen percent of some number. 


3. Tell which integers correspond to this situation: [7.2a] 


David has a debt of $45 and Joe has $72 in his savings 
account. 


Find the absolute value. [7.2e] 
4. |—38| 5. |126| 


Graph the number on the number line. [7.2b] 


6. —2.5 7. 


oll oe) 


Use either < or > for to write a true sentence. [7.2d] 
8. -3 10 9. -1 —6 


2 
10. 0.126 [] -12.6 a 
3 10 


Practice Exercise 
14. Simplify: 75 + (—15) + 24 + 8. 


12. Write another inequality with the same meaning as 
—“3< x. [Red] 


Write true or false. [7.2d] 


13. -9=11 14. -11= -3 
Find the opposite. [7.3b] 
3 

15. 3. 16. —— 

i 4 
Find the reciprocal. [7.6b] 
17 = 18. —7 

3 i 


19. Evaluate —x when x = —34.  [7.3b] 


20. Evaluate —(—x) when x = 5. [7.3b] 


Compute and simplify. 
21.4+(-7) [7.3al 


22.6 + (-9) + (-8) +7 [7.3a] 
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23. 


w 
lo) 
a 
i 

~ 
a 
S 

SY 


(-4.3) + 10 [7.3a] Solve. 


38. On the first, second, and third downs, a football team 
had these gains and losses: 5-yd gain, 12-yd loss, and 
15-yd gain, respectively. Find the total gain (or loss). 
[7.3c] 


24, -3 - (-7) + 7-10 [7.Aa] 


25. = 


26. —3.8 — 4.1 [7.4a] 


27. -9-(-6) [7.5al 


28. —2.7(3.4) [7.5al 


2 3 39. Kaleb’s total assets are $170. He borrows $300. What are 
23. 3 \ 7 [7.5a] his total assets now? [7.4b] 
30. 3 -(—7) - (—2) + (5) [7.5a] 40. Stock Price. The value of EFX Corp. stock began the 
day at $17.68 per share and dropped $1.63 per hour 
for 8 hr. What was the price of the stock after 8 hr? 
31. 35 + (—5) [7.6a] HBB 


32. —5.1 + 1.7 [7.6c] 41. Checking Account Balance. Yuri had $68 in his 
checking account. After writing a check to buy seven 


equally priced purchases of DVDs, the balance in his 


33, — = (-4) (7.6c] 


Simplify. [7.8d] 


account was —$64.65. What was the price of each DVD? 


[7.6d] 


Multiply. [7.7c] 


34, (—3.4 — 12.2) — 8(-7) 42. 5(3x — 7) 43. —2(4x — 5) 
3 12(=8) = 27 = (—9(=10) 44, 10(0.4x + 1.5) 45. —8(3 — 6x) 
. 3-10+1 
Factor. [7.7d] 
36. —16 + 4 — 30 + (-5) 46. 2x — 14 47. —6x + 6 
a7, et — M0 = 38) 48. 5x + 10 49, -3x + lay - 12 


|-2(8) — 4| 
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Collect like terms. [7.7e] 60. Factor out the greatest common factor: 

50. lla + 2b — 4a — 5b ci a aa 
A. 2(9x — 2y + 15) B. 3(6x — 2y + 10) 
C. 6(3x + 5) D. 6(3x —y + 5) 


51. 7x — 3y — 9x + By 


61. Which expression is not equivalent to mn + 52 


[7.7b] 
52. 6x + 3y — x — Ay A. nm+5 B. 5n +m 
Cc. 5+ mn D5+nm 
53. —3a + 9b + 2a — b 
Synthesis 


Simplify. [7.2e], [7.4al, [7.6al, [7.8d] 


Z_(-i)-3 
8 \ 2/ 4 


Remove parentheses and simplify. 62 
54, 2a — (5a — 9) [7.8b] 


55. 3(b + 7) — 5b. [7.8b] 


64. 2000 — 1990 + 1980 — 1970 +--- + 20 — 10 


56. 3[11 — 3(4— 1)]_ [7.8cl 


57. 2(6(y — 4) + 7] [7.8cl 65. Find a formula for the perimeter of the figure below. 


[7.7e] 
b 
58. [8(x + 4) — 10] — [3(x — 2) + 4] [7.8c] 
a a 
59. 5{[6(x — 1) + 7] — [3(3x — 4) + 8]} [7.8c] a 
Understanding Through Discussion and Writing 
1. Without actually performing the addition, explain why 4. Explain how multiplication can be used to justify é 
the sum of all integers from —50 to 50is 0. [7.3b] why a negative number divided by a positive number a 
: is negative. [7.6c] g 
2. What rule have we developed that would tell you the sign g 
of (—7)8 and of (—7)!! without doing the computations? 5. The distributive law was introduced before the z 
Explain. [7.5a] discussion on collecting like terms. Why do you think 2 
. eae oases this was done? [7.7c, e] 2 
3. Explain how multiplication can be used to justify why Sg 
a negative number divided by a negative number is 6. # Jake keys in 18/2 - 3 on his calculator and expects 5 
positive. [7.6c] the result to be 3. What mistake is he making? _[7.8d] % 
5. 
. yp: 
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For Extra Help 


Test a » Ta st P Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
9) lest Frep on DVD, in MyMathLab\y _ and on You): (search “BittingerDevMath” and click on “Channels”. 


SME 
1. Evaluate — when x = 10 andy = 5. 2. Translate to an algebraic expression: Nine less than 
some number. 


Use either < or > for to write a true sentence. 


1 1 
3. -3 -8 4,-—[ ]-= 5. —0.78 [_ | —0.87 
2 8 
6. Write an inequality with the same meaning as x < —2. 7. Write true or false: —13 = —3. 
Simplify. 
9 
S21 =7 elles 10) =2\7 
4 
Find the opposite. Find the reciprocal. 
11. Z Tea ils}, = 14. e 
3 i 
15. Evaluate —x when x = —8. 
Compute and simplify. 
1 
16. 3.1 — (—4.7) 17. -8 + 4+ (-7) +3 18. —— + . 
19. 2 — (-8) 20. 3.2 — 5.7 21 r-(-3) 
L b Be : “3 ii 
1 3 
22, 4 - (—12) 23. —=- (-2) 24, —45 +5 
2; 8 
3 4 
ie ate em 26. 4.864 + (-0.5 
5. -2 +(-2) (-05) 
27. —2(16) — |2(-8) — 53| 28. —20 + (—5) + 36 + (—4) 


29. Maureen kept track of the changes in the stock market over a period of 5 weeks. By how many points had the market risen or 


fallen over this time? 
WEEK 2 WEEK 3 WEEK 4 


Down 13 pts Down 16 pts | Up 36 pts Down 11 pts Up 19 pts 


Test: Chapter 7 567 


30. Antarctica Highs and Lows. The continent of 
Antarctica, which lies in the southern hemisphere, 
experiences winter in July. The average high 
temperature is —67°F and the average low tempera- 
ture is —81°F. How much higher is the average high 
than the average low? 

Source: National Climatic Data Center 


31. Population Decrease. The population of Mapleton was 
18,600. It dropped 420 each year for 6 yr. What was the 
population of the city after 6 yr? 


Multiply. 

33. 3(6 — x) 34, —5(y — 1) 

Simplify. 

37.6 +7-—4-(-3) 38. 5x — (3x — 7) 
40. 4{3[5(y — 3) + 9] + 2(y + 8)} 41. 256 + (-16) + 4 


43. Which of the following is nota true statement? 


A. -5 = —-5 B. -5 < —-5 
C. -5 =-5 D. -5 = —-5 
Synthesis 
Simplify. 
44, |—27 — 3(4)| — |-36| + |—12| 


46. Find a formula for the 
perimeter of the figure y y 
shown here. 


32. Chemical Experiment. During a chemical reaction, the 
temperature in a beaker decreased every minute by the 
same number of degrees. The temperature was 16°C at 
11:08 A.M. By 11:52 A.M., the temperature had dropped 
to —17°C. By how many degrees did it change each 


minute? 
Factor. 
Bly I = ee 36. 7x + 21+ 14y 


39. 4(2a — 3b) +a—7 


42, 23 — 10[4 — (—2 + 18)3] 


45. a — {3a — [4a — (2a — 4a)]} 
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Solving Equations: 
The Addition Principle 


Solving Equations: 
The Multiplication Principle 


Using the Principles Together 
Formulas 
MID-CHAPTER REVIEW 
Applications of Percent 
Applications and Problem Solving 
TRANSLATING FOR SUCCESS 
Solving Inequalities 


Applications and Problem Solving 
with Inequalities 


SUMMARY AND REVIEW 
TEST 


The manatee, Florida’s state marine mammal, is an endangered species. An aerial 
wintertime manatee census counted 2817 of these animals in 2007. This was 296 fewer 
than the number counted in 2006. What was Florida’s manatee population in 2006? 


Source: Florida Fish and Wildlife Conservation Commission 


This problem appears as Exercise 1 in Exercise Set 8.6. 
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SKILL TO REVIEW 
Objective 71a: Evaluate algebraic 
expressions by substitution. 


1. Evaluate x — 7 when x = 5. 
2. Evaluate 2x + 3 when x = —1. 


Determine whether each equation is 
true, false, or neither. 
15-8=-4 


2.12+6= 18 


Bh ee cr ) = 7 = 35 


Answers 

Skill to Review: 

Dee -2) 62D 

Margin Exercises: 

1. False 2. True 3. Neither 
570 ~=CHAPTER 8 


(a) Equations and Solutions 


In order to solve problems, we must learn to solve equations. 


An equation is a number sentence that says that the expressions on 
either side of the equals sign, =, represent the same number. 


Here are some examples of equations: 


34+42=5, 14-10=1+3, x+6=13, 3x-2=7--x. 


Equations have expressions on each side of the equals sign. The sentence 
“14 — 10 = 1 + 3” asserts that the expressions 14 — 10 and1 + 3 name the 
same number. 

Some equations are true. Some are false. Some are neither true nor false. 


! EXAMPLES Determine whether each equation is true, false, or neither. 


1.3+2=5 The equation is true. 
2.7-2=4 The equation is false. 
3.x+6=13 The equation is neither true nor false, because we do not 


know what number x represents. 


Do Margin Exercises 1-3. J 


SOLUTION OF AN EQUATION 


Any replacement for the variable that makes an equation true is called 


a solution of the equation. To solve an equation means to find all of its 
solutions. 


One way to determine whether a number is a solution of an equation is 
to evaluate the expression on each side of the equals sign by substitution. If 
the values are the same, then the number is a solution. 


! EXAMPLE 4 _ Determine whether 7 is a solution of x + 6 = 13. 


We have 
x+6=13 Writing the equation 
7+ 6 213 Substituting 7 for x 
13 | TRUE 


Since the left-hand and the right-hand sides are the same, 7 is a solution. No 
other number makes the equation true, so the only solution is the number 7. 


Solving Equations and Inequalities 


u 


EXAMPLE 5 _ Determine whether 19 is a solution of 7x = 141. 


7x = 141 Writing the equation 
7(19) ? 141 Substituting 19 for x 
133 | FALSE 


Since the left-hand and the right-hand sides are not the same, 19 is not a 
solution of the equation. ) 


Do Exercises 4-7. 


\b) Using the Addition Principle 
Consider the equation 
x= 7. 
We can easily see that the solution of this equation is 7. If we replace x 
with 7, we get 
7 = 7, which is true. 

Now consider the equation of Example 4: x + 6 = 13. In Example 4, we 
discovered that the solution of this equation is also 7, but the fact that 7 is the 
solution is not as obvious. We now begin to consider principles that allow us 
to start with an equation like x + 6 = 13 and end up with an equivalent equa- 


tion, like x = 7, in which the variable is alone on one side and for which the 
solution is easier to find. 


EQUIVALENT EQUATIONS 


Equations with the same solutions are called equivalent equations. 


One of the principles that we use in solving equations involves addition. 
An equation a = b says that a and b stand for the same number. Suppose this 
is true, and we add a number c to the number a. We get the same answer if we 
add c to b, because a and b are the same number. 


THE ADDITION PRINCIPLE FOR EQUATIONS 


For any real numbers a, b, and c, 


a=b isequivalentto a+c=b+tce. 


Let’s solve the equation x + 6 = 13 using the addition principle. We want 
to get x alone on one side. To do so, we use the addition principle, choosing to 
add —6 because 6 + (—6) = 0: 

x+6= 13 


x+6+(-6)=13+(-6) Using the addition principle: adding —6 
on both sides 


x+0=7 Simplifying 
= 7. Identity property of 0: x + 0 = x 


The solution of x + 6 = 13is7. 


Do Exercise 8. 


8.1 Solving Equations: The Addition Principle 


Determine whether the given 


number is a solution of the given 


equation. 
4.8; x+4 
ls OR ae ar 4 


6953304 4 


8. Solve using the addition 


principle: 
Megteeee alll 
Answers 
4. Yes 5. No 6. No 7. Yes 8. 
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9 


When we use the addition principle, we sometimes say that we “add the 
same number on both sides of the equation.” This is also true for subtraction, 
since we can express every subtraction as an addition. That is, since 


a-—c=b-—c isequivalentto a+ (—c) =b+ (-c), 
the addition principle tells us that we can “subtract the same number on both 
sides of the equation.” 
|) EXAMPLE 6 Solve: x + 5 = —7. 
We have 
xX+5=-7 
+5 —5=-7=5 Using the addition principle: adding —5 on 
both sides or subtracting 5 on both sides 
x+0=-12 Simplifying 
x= -12. Identity property of 0 


To check the answer, we substitute —12 in the original equation. 


Check: x+5=-7 
a[2-5 2 =7 
—7 | TRUE 


The solution of the original equation is —12. 


In Example 6, to get x alone, we used the addition principle and sub- 
tracted 5 on both sides. This eliminated the 5 on the left. We started with 


x + 5 = —7, and, using the addition principle, we found a simpler equation 
x = —12 for which it was easy to “see” the solution. The equations x + 5 = —7 
9. Solve using the addition princi- and x = —12 are equivalent. 


ple, subtracting 5 on both sides: 


eth = 8, Do Exercise 9. 


Now we use the addition principle to solve an equation that involves a 
subtraction. 


’ EXAMPLE 7 Solve: a — 4 = 10. 


We have 
a-—-4=10 
a-4+4=10+4 Using the addition principle: adding 4 on 
both sides 

a+0=14 Simplifying 

a= 14. Identity property of 0 
Check: a—4 = 10 

se 

14-4 ? 10 
10° | TRUE 


The solution is 14. ) 


10. Solve: t — 3 = 19. Do Exercise 10. 


Answers 
9. -13 10. 22 
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EXAMPLE 8 Solve: —6.5 = y — 8.4. 
We have 
-6.5=y- 84 


-65+84=y- 84+ 84 Using the addition principle: adding 
8.4 on both sides to eliminate —8.4 on 


the right 
19=y. 
Check: -65=y- 84 
—6.5 2.1.9 — 8.4 
| -6.5 TRUE 
The solution is 1.9. ) 


Note that equations are reversible. That is, if a = b is true, then b = a 
is true. Thus when we solve —6.5 = y — 8.4, we can reverse it and solve 
y — 8.4 = —6.5 if we wish. 


| Do Exercises 11 and 12. 


EXAMPLE 9 Solve: “5 +x= > 


We have 


2 
+x= 


3 
2 ae 
3 3 = 


Adding § on both sides 


Multiplying by 1 to obtain equivalent 
2.5 8 : : : 
-— 4+ += fraction expressions with the least 

2 2 3 common denominator 6 


wld wld WI NIH 


TRUE 


ria |G e|S ols 


19 
The solution is —. 
e solution is — } 


| Do Exercises 13 and 14. 


Solve. 


18.7 = 71 4.5, 


12. y+ 17.4 = 10.9 


Answers 


11. 13.2 


3 

2 2 
Ig & 
4 8 

12. -6.5 


13.2 


8.1 Solving Equations: The Addition Principle 
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For Extra Help 


MyMathLab 


mg HG = & 


PRACTICE WATCH DOWNLOAD READ REVIEW 


(a) Determine whether the given number is a solution of the given equation. 


1.15; x + 17 = 32 2. 35; £+ 17 = 53 3.21; % = 7 = 12 4.36;a—-19=17 


5. —7; 6x = 54 


6. —9; By = —72 


9. 20; 5x + 7 = 107 10. 9; 9x + 5 = 86 11. —10; 7(y — 1) = 63 12. —5; 6(y — 2) = 18 


(b) Solve using the addition principle. Don't forget to check! 


13.x+2=6 
Check: x+2=6 


—————— 


2 


18.z2+9 


—14 


23.x-7=-21 


28. -8 + y=17 
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4.y+4=11 


Check: y+4= 11 


2 


19. x + 16 = -—2 


24.x-3=-14 


29. =3.+ t= =—9 


15.x+15=-5 


Check: x+ 15=—-5 


—_—_—_,—— 


2 


20. m+ 18 = —-13 


25.5 +t=7 


30. -—8 + t= —24 


Solving Equations and Inequalities 


16. t+ 10 = 44 
Check: ¢+ 10 = 44 


2 
21.x-9=6 
26.8 + y= 12 

1 
lxt+==7 
31. x 3 


17.x+6=-8 
Check: x+6= -8 


2 
22.x—-11= 12 
27. -7+ y= 13 


7 
.24=-— + 
32. 24 10 r 
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33.12 =a— 7.9 34.2.8+ y= 11 35 ie 36 ae 
125 . a2 y= . 373 . a 8 
5 11 2 5 7 
3% m+ 2 = = 38.4% + >= => 39.4 25 > ipso e 
6 12 3 6 8 4 6 
41 ge epics 42 re ae 43.74 =x + 2.3 44.8.4 =5.7 + 
°TE ri ee ard ri sth ‘ . 8. ; y 
45.7.6 =x- 4.8 46. 8.6 =x - 7.4 47. -9.7 = -4.7+y 48. -7.8=28+%x 
49 oe 50 eee 51 toe 52 522 = 84+ x 
aa ae eae ak ee: "88 


Skill Maintenance 


53. Add: —3 + (-8). [7.3a] 54, Subtract: -3 — (—8).  [7.4a] 
‘ply: ~2-2 eta tn fe 
55. Multiply: 3°8° [7.5a] 56. Divide: 73 ( >). [7.6c] 
eee 4 
57. Divide: 3 + (-2). [7.6c] 58. Add: —8.6 + 3.4. [7.3a] 
2 oD : 
59. Subtract: = (- >), [7.4a] 60. Multiply: (—25.4)(—6.8).  [7.5a] 
Translate to an algebraic expression. [7.1b] 
61. Jane had $83 before paying x dollars for a pair of tennis 62. Justin drove his S-10 pickup truck 65 mph for t hours. 
shoes. How much does she have left? How far did he drive? 
Synthesis 
Solve. 
63. —356.788 = —699.034 + t 64. + i x 65. x + = = Se 
5 10 4 5 3. 15 
66.8 — 25=8+x- 21 67. 16 + x — 22 = —16 68.x+x=x 
3 5 3 
.x+3=3+ 70.x+4=5+ : + x= 
69.x+3=3+x x x 71 5 x 72 
72. |x| =5 73. |x| + 6 = 19 
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SKILL TO REVIEW 
Objective 7.6b: Find the reciprocal 
of a real number. 


Find the reciprocal. 


1.5 


Answers 


Skill to Review: 
1 4 


Lee 2 = 
5 5 
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(a) Using the Multiplication Principle 


Suppose that a = bis true, and we multiply a by some number c. We get the 
same number if we multiply b by c, because a and b are the same number. 


THE MULTIPLICATION PRINCIPLE FOR EQUATIONS 


For any real numbers a, b, and c, c # 0, 


a=b 


isequivalentto a:-c=b-c. 


When using the multiplication principle, we sometimes say that we 
“multiply on both sides of the equation by the same number.” 


EXAMPLE 1 Solve: 5x = 70. 

To get x alone, we multiply by the multiplicative inverse, or reciprocal, 
of 5. Then we get the multiplicative identity 1 times x, or 1 - x, which simpli- 
fies to x. This allows us to eliminate 5 on the left. 


5x = 70 The reciprocal of 5 is ¢. 

i 1 

2854 = 2% 10 Multiplying by? to get 1 - x and eliminate 5 on 

? the left 

1-x=14 Simplifying 
= 14 Identity property of 1: 1- x = x 
Check: 5x = 70 
5-14 ? 70 
70 | TRUE 

The solution is 14. J 


The multiplication principle also tells us that we can “divide on both 
sides of the equation by the same nonzero number.” This is because dividing 
is the same as multiplying by a reciprocal. That is, 


al 1 
fe B is equivalentto a:-—=b-—, whenc # 0. 
é& ¢ c c 
In an expression like 5x in Example 1, the number 5 is called the coeffi- 


cient. Example 1 could be done as follows, dividing on both sides by 5, the co- 
efficient of x. 


EXAMPLE 2 Solve: 5x = 70. 
5x = 70 
as = 2 Dividing by 5 on both sides 
1-x=14 Simplifying 
= 14 Identity property of 1. The solution is 14. ) 


Solving Equations and Inequalities 


| Do Exercises 1 and 2. 


| EXAMPLE 3 Solve: —4x = 92. 


We have 
—4x = 92 
—4x 92 Using the multiplication principle. Dividing by —4 on 


—4 —4 both sides is the same as multiplying by — i. 
1-x = —-23 Simplifying 
x = —23. Identity property of 1 


Check: —Ax = 92 
—4(—23) 2 92 
92 | TRUE 
The solution is —23. ) 


Do Exercise 3. 


| EXAMPLE 4 Solve: —x = 9. 


We have 
—-x=9 
-1-x=9 Using the property of —1: —x = -1-x 
—l- 9 
= = Dividing by —1 on both sides: —1/(—1) = 1 
l«x=-9 
= -9. 
Check: —x=9 
a 
—(=9) 29 
91 TRUE 
The solution is —9. ) 


Do Exercise 4. 


We can also solve the equation —x = 9 by multiplying as follows. 


' EXAMPLE 5 Solve: —x = 9. 


We have 
—-x=9 
=1+(-x)==1+9 Multiplying by —1 on both sides 
1-(-1):x=—9 =%-= (—1) +x 
1-x=—-9 -1-(-1)=1 
x= -9. 
The solution is —9. ) 


Do Exercise 5. 


1. Solve. Multiply on both sides. 
6x = 90 


2. Solve. Divide on both sides. 
44 =F 


3. Solve: —6x = 108. 


4. Solve. Divide on both sides. 
=i = 10) 


5. Solve. Multiply on both sides. 
=i = =I) 


Answers 


8.2 Solving Equations: The Multiplication Principle 577 


2) 
6. Solve: = = —— 
olve 3 6 
Solve. 
7. 1.12x = 8736 
8. 6.3 = —2.ly 
Answers 


6. - 7. 7800 «8. —-3 
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In practice, it is generally more convenient to divide on both sides of the 
equation if the coefficient of the variable is in decimal notation or is an inte- 
ger. If the coefficient is in fraction notation, it is usually more convenient to 
multiply by a reciprocal. 


' EXAMPLE 6 Solve: == - 3x, 


The reciprocal of — 7 1s: 4. There is no 
sign change. 


4 3 4 ( 5 x) Multiplying by —# to get 1 - x and 
~ “§ 4 


eliminate — 3 on the right 


5 8 
12 
—-—=]1 
40 = 
a = [ax Simplifyin 
10 p g 
3 : 
Ts x Identity property of 1 
3 5 
Check 3 = a 
ee 
34 (2 
8 4 10 
3 
— TRUE 
8 
The solution is =A 
10° ) 


As noted in Section 8.1, if a = bis true, then b = ais true. Thus we can 
reverse the equation 3 = —3x and solve —3x = ? if we wish. 


Do Exercise 6. 


) EXAMPLE 7 Solve: 1.16y = 9744. 


1.16y = 9744 

1.16 9744 

es - 116 Dividing by 1.16 on both sides 
_ 9744 
1.16 


y = 8400 Simplifying 


Check: 1.16y = 9744 
1.16(8400) 2? 9744 
9744 | TRUE 
The solution is 8400. ) 


Do Exercises 7 and 8. } 


Solving Equations and Inequalities 


Now we use the multiplication principle to solve an equation that in- 
volves division. 


| EXAMPLE 8 | Solve: = 14, 


Ue rt =9-14 Multiplying by 9 on both sides 


—y = 126 
—1-(-y) =-1- 126 Multiplying by —1 on both sides 
y= —126 


Check: -y 


14 TRUE 


The solution is —126. ) 


There are other ways to solve the equation in Example 8. One is by multi- 
plying by —9 on both sides as follows: 


-9-—=-9-]4 

S) 9 9 

(-9)(-Y) 

9 = —126 
oy 
—=-12 
9 6 

y = —126 


mel, 


| Do Exercise 9. Naa aes: 


STUDY TIPS 


TIME MANAGEMENT full-time jobs. It is challenging to handle such a load. 
Having enough time to study is a critical factor in any If you work 40 hours pe week, you will probably have 
course. Have realistic expectations about the amount of ee aes ae school if you take 3 to 6 credit hours. 
time you need to study for this course. If you are carrying a full class-load, you can probably 


work 5 to 10 hours per week. Be honest with yourself 
about how much time you have available to work, 
attend class, and study. 


e Arule of thumb for study time. Budget two to three 
hours for homework and study per week for each hour 
of class time. 

e Balancing work and study. Working 40 hours per week 
and taking 12 credit hours is equivalent to having two 


Answer 
9. 28 
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(a) Solve using the multiplication principle. Don't forget to check! 


1. 6x = 36 
Check: 6x = 36 
2 
5. 84 = 7x 
9.-l=-z 
13. —12x = 72 
17. - =-9 
21. “x = 27 
25, =7 
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2. 3x = 51 
Check: 3x =51 
2 
6. 63 = 9x 
10. —47 = -t 


14. —15x = 105 


18, 2 = -6 
5 
22 2 ¢=i6 
"5 = 
—x 
26. — =9 
6 


Solving Equations and Inequalities 


3. 5y = 45 
Check: 5y = 45 


pat ae 
2 


11. 7x = —49 


15. —21lw = —126 


19. = 8 
—6 
23 a ee 
. 3 

m dl 
27.-T=T 
3 5 


4. 8y = 72 
Check: 8y = 72 


> 


2 


12. 8x = —56 


16. —13w = —104 


20. — = 11 


3 
24. -——x = 12 
3 
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29 Pete 30 a nee 31 Bement 32. i ae 
eg AG “es 16 a ar E16 
33. 6.3x = 44.1 34, 2.7y = 54 35. —3.ly = 21.7 36. —3.3y = 6.6 
2 9 
37. 38.7m = 309.6 38. 29.4m = 235.2 39. —Zy = -10.6 40. —Ly = 12.06 
—-x —x t m 
41. — = 10 oy 216 a ag, 2.10 
: : 43.5 =7 = 


Skill Maintenance 


Collect like terms. [7.7e] 


45. 3x + 4x 46. 6x + 5 — 7x 

47. —4x + 11 — 6x + 18x 48. 8y — 16y — 24y 

Remove parentheses and simplify. [7.8b] 

49. 3x — (4 + 2x) 50. 2 — 5(x + 5) 

51. 8y — 6(3y + 7) 52. —2a — 4(5a — 1) 

Translate to an algebraic expression. [7.1b] 

53. Patty drives her van for 8 hr at a speed of r miles per 54. A triangle has a height of 10 meters and a base of 
hour. How far does she drive? b meters. What is the area of the triangle? 

Synthesis 

Solve. 

55. —0.2344m = 2028.732 56.0-x=0 57.0-x=9 

58. 4|x| = 48 59. 2|x| = —12 

Solve for x. 

60. ax = 5a 61. ax= 2 62. cx = a2 +1 63. x= 4 


64. A student makes a calculation and gets an answer of 22.5. On the last step, she multiplies by 0.3 when she should have 
divided by 0.3. What is the correct answer? 


8.2 Solving Equations: The Multiplication Principle 581 


(a) Applying Both Principles 


Consider the equation 3x + 4 = 13. It is more complicated than those we 
discussed in the preceding two sections. In order to solve such an equation, 
we first isolate the x-term, 3x, using the addition principle. Then we apply the 
multiplication principle to get x by itself. 


| EXAMPLE 1 Solve: 3x + 4 = 13. 


3x +4= 13 
3x+4-4=13-4 


First isolate ony enphmng 
the x-term. 3x 9 Using the multiplication principle: 
3B 3 dividing by 3 on both sides 
Check: 3x +4 = 13 
3°3+4 ? 13 We use the rules for order of operations to 
9+4 carry out the check. We find the product 
3 - 3. Then we add 4. 
13 TRUE 
The solution is 3. ) 
1. Solve: 9x + 6 = 51. Do Exercise 1. 
' EXAMPLE 2 Solve: —5x — 6 = 16. 
—5x —6= 16 
—5x-6+6=16+6 Adding 6 on both sides 
=5% = 22 
—5, 22 
= = 5 Dividing by —5 on both sides 
22 2 
x=- 5” or —4 5 Simplifying 
Check: —5x — 6 = 16 
2 | 
-3(-2) —6 ? 16 
Solve. 22-6 
2. 8x — 4 = 28 16 TRUE 
The solution is — 2. ) 


cdl Re 
ab a ro 


Do Exercises 2 and 3. 


Answers 
15 24 3.4 
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Using the addition principle: 
subtracting 4 on both sides 


EXAMPLE 3 Solve: 45 — ¢= 13. 


45-t=13 
—-45 + 45 -—t=-45 + 13 Adding —45 on both sides 
—t = —32 
—1(-t) = -1(-32) Multiplying by —1 on both sides 
t = 32 
The number 32 checks and is the solution. ) 


Do Exercise 4. 4. Solve: —18 — m = —57. 


EXAMPLE 4 Solve: 16.3 — 7.2y = —8.18. 


16.3 — 7.2y = —8.18 
~16.3 + 16.3 — 7.2y = -16.3 + (-8.18) Adding —16.3 0n 


both sides 
—7.2y = —24.48 
—7.2y  —24.48 Dividing by —7.2 on 
ay my both sides 
y=3A4 
Check: 16.3 — 7.2y = —8.18 
16.3 — 7.2(3.4) 2? —8.18 
16.3 — 24.48 
—8.18 TRUE Solve, 
The solution is 3.4. ) 5. —4 — 8x = 8 


Do Exercises 5 and 6. 6. 41.68 = 4.7 — 8.6y 


Lm * * 

(b) Collecting Like Terms 

If there are like terms on one side of the equation, we collect them before 
using the addition principle or the multiplication principle. 

EXAMPLE 5 Solve: 3x + 4x = —-14. 


3x + 4x = -14 
7x = —14 Collecting like terms 


7 —14 
= = Dividing by 7 on both sides 
x= 2 Solve. 
The number —2 checks, so the solution is —2. ) Uo G5¢ & Be = —2I 


| Do Exercises 7 and 8. 8. x — 0.09x = 728 


If there are like terms on opposite sides of the equation, we get them on 
the same side by using the addition principle. Then we collect them. In other 
words, we get all the terms with a variable on one side of the equation and all 
the terms without a variable on the other side. 


Answers 


4.39 5. -3 6. —4.3 
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. EXAMPLE 6 Solve: 2x — 2 = —3x + 3. 


2X = 2= =3x + 3 
20 -2+2= -3x +3 +4 2 Adding 2 


2x = —3x + 5 Collecting like terms 

2x + 3x = —3x + 3x+5 Adding 3x 
5x =5 Simplifying 
= = 2 Dividing by 5 

x=1 Simplifying 
Check: 2x —- 2 = -3x +3 
Ve ee? 2 =3< 1-3 Substituting in the original equation 
2-2 —3 +3 
Solve. 0 0 TRUE 
9. 7y +5 = 2y + 10 The solution is 1. ) 


1), 5 = 2y= sy = 5 Do Exercises 9 and 10. J 


In Example 6, we used the addition principle to get all the terms with an x 
on one side of the equation and all the terms without an x on the other side. 
Then we collected like terms and proceeded as before. If there are like terms 
on one side at the outset, they should be collected first. 


’ EXAMPLE 7 Solve: 6x + 5 — 7x = 10 — 4x + 3. 
6x+5- 7x = 10- 4x+ 3 
—x+5= 13 —- 4x Collecting like terms 


4x -—-x+5=13 - 4x + 4x Adding 4x to get all terms with a 
variable on one side 


3x+5= 13 Simplifying; that is, collecting 
like terms 
3x+5-5=13-5 Subtracting 5 
3x = 8 Simplifying 
: = ; Dividing by 3 
x= . Simplifying 
Solve. . 
tie ee ee The number § checks, so it is the solution. 5 


1, Bie = 1 = Gye sb B = abe Do Exercises 11 and 12. | 


Clearing Fractions and Decimals 


In general, equations are easier to solve if they do not contain fractions or 
decimals. Consider, for example, the equations 


1 3 
=x+5=— 3x+7=54, 
5% 5 A and 2.3x+ 7=5.4 


Answers 
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If we multiply by 4 on both sides of the first equation and by 10 on both sides 
of the second equation, we have 


1 
4(-x+5)=4- 
(Ge ) 


4--x+4-5=4- 


and 10(2.3x + 7) = 10-54 


and 10-2.3x + 10-7= 10-54 


Bl GO wl ow 


2x + 20 = 3 and 23x + 70 = 54. 


The first equation has been “cleared of fractions” and the second equation 
has been “cleared of decimals.” Both resulting equations are equivalent to the 
original equations and are easier to solve. It is your choice whether to clear 
fractions or decimals, but doing so often eases computations. 

The easiest way to clear an equation of fractions is to multiply every term 
on both sides by the least common multiple of all the denominators. 


2 1 1 7 
: t = + ; 
EXAMPLE 8 Solve 3% 6 5 6 2x 


The denominators are 3, 6, and 2. The number 6 is the least common mul- 
tiple of all the denominators. We multiply by 6 on both sides of the equation. 


2 1 1 7 Sad 
a( _ x} = a( ; 2x) Multiplying by 6 on both 
sides 


Using the distributive law 
(Caution! Be sure to mul- 
tiply all the terms by 6.) 

| 


4x—1+3x=7+ 12x Simplifying. Note that the 


fractions are cleared. 
7x -1=7+ 12x 
7x — 1 12x = 7+ 12x — 12x 


Collecting like terms 


Subtracting 12x 


( Calculator Corner 


Checking Possible 
Solutions There are several ways 
to check the possible solutions of an 
equation on a calculator. One of the most 
straightforward methods is to substitute 
and carry out the calculations on each 
side of the equation just as we do when 
we check by hand. To check the possible 
solution, 1, in Example 6, for instance, we 
first substitute 1 for x in the expression 
on the left side of the equation. We press 
DOU OSB. We set 0. 
Next, we substitute 1 for x in the expres- 
sion on the right side of the equation. We 
then press QVQOQOOW@ 
Gap». Again we get 0. Since the two 
sides of the equation have the same 
value when x is 1, we know that 1 is the 
solution of the equation. 


2*1-2 


—3*1+3 


Exercise: 


1. Use substitution to check 
the solutions found in 
Examples 1-5. 


Check the possible solution in 
the original equation rather 
than in the equation that has 
been cleared of fractions. 


—5x -1=7 Collecting like terms 
5x -1+1=7+1 Adding 1 
—5x = 8 Collecting like terms 
=), 8 
= = = Dividing by —5 
8 
x=- 
5 
2 He 7 : 
Check: =—+2 aution! 
ec BY gt ot = et Ci i) 
| 
=( 2) z+ 2) 2 Za af 2) 
3\ 5 6 2\ 5 6 S 
16 01 8 7 16 
15 6 10 6 5 
32. 5 24 35 96 
30 30 630 30 = 30 
—32 —5 — 24 35 — 96 
30 30 
61 61 
an = TRUE 
30 30 
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t il 
13. Solve: = 
3. Solve; ri x 


14. Solve: 41.68 = 4.7 — 8.6y. 


Solve. 
15. 2(2y + 3) = 14 


16. 5(3x — 2) = 35 


Answers 

8 43 
13.3 14. — 7 or-4.3 
15.2 16.3 
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The solution is 2 : 


Do Exercise 13. 


To illustrate clearing decimals, we repeat Example 4, but this time we 
clear the equation of decimals first. Compare both methods. 

To clear an equation of decimals, we count the greatest number of deci- 
mal places in any one number. If the greatest number of decimal places is 1, 
we multiply every term on both sides by 10; if it is 2, we multiply by 100; and 
so on. 


EXAMPLE 9 Solve: 16.3 — 7.2y = —8.18. 


The greatest number of decimal places in any one number is two. Multi- 
plying by 100, which has two 0’s, will clear all decimals. 


100(16.3 — 7.2y) = 100(—8.18) Multiplying by 100 on 
both sides 
100(16.3) — 100(7.2y) = 100(—8.18) Using the distributive law 

1630 — 720y = —818 Simplifying 

1630 — 720y — 1630 = —818 — 1630 Subtracting 1630 

—720y = —2448 Collecting like terms 
= = = Dividing by -720 
17 
y= 5” or 3.4 


The number a or 3.4, checks, as shown in Example 4, so it is the solution. 


Do Exercise 14. 


(C) Equations Containing Parentheses 


To solve certain kinds of equations that contain parentheses, we first use the 
distributive laws to remove the parentheses. Then we proceed as before. 


' EXAMPLE 10 Solve: 8x = 2(12 — 2x). 


8x = 2(12 — 2x) 
8x = 24 — 4x Using the distributive laws to multiply and 
remove parentheses 


8x + 4x = 24 — 4x + Ax Adding 4x to get all the x-terms on one side 


12x = 24 Collecting like terms 
12. 24 
— =a Dividing by 12 
x=2 
The number 2 checks, so the solution is 2. ) 


Do Exercises 15 and 16. 


Solving Equations and Inequalities 


Here is a procedure for solving the types of equation discussed in this 
section. 


AN EQUATION-SOLVING PROCEDURE 
1. Multiply on both sides to clear the equation of fractions or 
decimals. (This is optional, but it can ease computations.) 


2. If parentheses occur, multiply to remove them using the 
distributive laws. 


3. Collect like terms on each side, if necessary. 


4. Get all terms with variables on one side and all numbers (constant 
terms) on the other side, using the addition principle. 


5. Collect like terms again, if necessary. 


6. Multiply or divide to solve for the variable, using the multiplication 
principle. 


7. Check all possible solutions in the original equation. 


EXAMPLE 11 Solve: 2 — 5(x + 5) = 3(x — 2) — 1. 
2— 5(x + 5) = 3(x — 2) - 1 


2-5x-25=3x-6-1 Using the distributive laws to 
multiply and remove parentheses 
5x — 23 = 3x -—7 Collecting like terms 
=6x — 23: + 5x= 3x — 7 + 5x Adding 5x 
—23 = 8x —7 Collecting like terms 
23+7=8x-7+7 Adding 7 
—16 = 8x Collecting like terms 
= = a Dividing by 8 
ee Solve. 
17. 3(7 + 2x) = 30 + 7(x — 1) 
Check: 2— 5(x + 5) = 3(x- 2) -1 18. 4(3 + 5x) —4=3 + 2x 


ee Cee ee ee 
2 —5(3) | 3(-4) -1 
2-15 | -12-1 


is bs TavE Determine whether the given 


The solution is —2. [ number is a solution of the given 
equation. 


| Do Exercises 17 and 18. 1G), 108 Sse 39 = se sb 3} 
. ‘ a 7A, =7R Sar ce = sear S 
Equations with Infinitely Many Solutions 


The types of equations we have considered thus far in Sections 8.1-8.3 have ; lL 
all had exactly one solution. We now look at two other possibilities. 
Consider 


3 FH K+, 


Let’s explore the equation and possible solutions in Margin Exercises 19-22. 


| Do Exercises 19-22. 


Answers 


1 
17. -2 18. 5 19. Yes 20. Yes 
21. Yes 22. Yes 
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Determine whether the given 
number is a solution of the given 
equation. 


Aer, IP 3 se 5e = 36 ab 633 


Au, =e Bab ce = 36 ak £8} 
1 
SS a 


2X3, Of SB 4b ae = ae se 


Solve. 
Pfs SOP See ae SB) = = ap Soe ae 2S) 


PAX, Qe ae (Ge 


When solving an equation, if the 
result is: 


e an equation of the form 
x = a, where ais areal 
number, then there is one 
solution, the number a; 


e atrue equation like 3 = 3 or 
—] = —1, then every real 
number is a solution; 


e afalse equation like 3 = 8 or 
—4 = 5, then there is no 
solution. 


Answers 


23. No 24. No 
27. All real numbers 


25. No 26. No 
28. No solution 
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We know by the commutative law of addition that the equation 
3 + x = x + 3 holds for any replacement of x with a real number. (See Section 
7.7.) We have confirmed some of these solutions in Margin Exercises 19-22. 
Suppose we try to solve this equation using the addition principle: 
34+ x=x+3 
EAP 3 tS Sr eS 
3 = 3. 


Adding —x 
True 


We end with a true equation. The original equation holds for all real-number 
replacements. Every real number is a solution. Thus the number of solutions 
is infinite. 


EXAMPLE 12 Solve: 7x — 17 = 4+ 7(x — 3). 


7x —17=4+ 7(x - 3) 
7x—-17=4+7x-21 


Using the distributive law to 
multiply and remove parentheses 


7x —-17=7x-17 
i= =(x + (7% — 17 
-17=-17 


Collecting like terms 
Adding —7x 
True for all real numbers 


Every real number is a solution. There are infinitely many solutions. 


Equations with No Solution 
Now consider 
34+ x=x+8. 


Let’s explore the equation and possible solutions in Margin Exercises 23-26. 


Do Exercises 23-26. 


None of the replacements in Margin Exercises 23-26 is a solution of the 
given equation. In fact, there are no solutions. Let’s try to solve this equation 
using the addition principle: 

3+x=x+8 
aS: Ra xB 


x= 
3 = 8. 


Adding —x 
False 


We end with a false equation. The original equation is false for all real- 
number replacements. Thus it has no solution. 


EXAMPLE 13 Solve: 3x + 


3x + 4(x + 2) = 11+ 7x 
3x + 4x + 8= 11+ 7x 


A(x + 2) = 11 + 7x. 


Using the distributive law to 
multiply and remove parentheses 


7x +8= 11+ 7x Collecting like terms 
7x +8—-— 7x = 11+ 7x — 7x Subtracting 7x 
8 = 11 False 


There are no solutions. 


Do Exercises 27 and 28. 


Solving Equations and Inequalities 


For Extra Help 
MyMathLab 


Mathixp [3 q 


PRACTICE WATCH DOWNLOAD 


8.3 


Exercise Set 


READ REVIEW. 


(a) Solve. Don't forget to check! 


1.5x+6= 31 
Check: 5x+6= 31 


——_——_,— 


2 


5. 4x — 6 = 34 


9. 7x +2 = —54 


13. —4x + 7 = 35 


(b) Solve. 


17. 5x + 7x = 72 


Check: 5x + 7x = 72 


oo 


2 


21. 4x + 3x = 42 


25. —7y — By =—-15 


2. 7x +6= 13 
Check: 7x +6= 13 


oe 


2 


ll 


6. 5y — 2 = 53 


ll 


10. 5x + 4 = —41 


14. —5x — 7 = 108 


18. 8x + 3x = 55 


Check: 8x+ 3x = 55 
ia 


2 


22. 7x + 18x = 125 


26. —10y — 3y = —39 


3. 8x + 4 = 68 
Check: 8x + 4 = 68 


—————“— 


2 


7.3% = 9 = 33 


11. -45 = 3 + 6y 


15. 2 —18=—3 
4 


19. 8x + 7x = 60 


Check: 8x + 7x = 60 
Cate 
2 


23. —6y — 3y = 27 


27.x+-=x=8 


4. 4y + 10 = 46 
Check: 4y + 10 = 46 


a 


2 


8 4x -—19=5 


12. -—91 = 9t + 8 


16. =x — 24 = —36 


20. 8x + 5x = 104 


Check: 8x + 5x = 104 
pa ah ae 
2 


24. —5y — 7y = 144 


1 
28. x +—x = 10 
8. x ae 
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29. 10.2y — 7.3y = —58 30. 6.8y — 2.4y = —88 31. 8y — 35 = 3y 32. 4x — 6 = 6x 


33. 8x — 1 = 23 — 4x 34. Sy — 2 = 28 -y 35. 2x -1l1=4+x 36. 4 — 3x = 6 — 7x 
37. 6x +3 = 2x + 11 38. 14 — 6a = —-2a +3 39. 5 — 2x = 3x — 7x + 25 

40. —7z + 2z-3z2-7=17 41.4+ 3x-6=3x+2-x 42.5+4x-7=4x-2-x 
43. 4y —-4+ y + 24 = 6y + 20 —- 4y 44. 5y- 7+ y= 7y + 21 —- 5y 


Solve. Clear fractions or decimals first. 


45, pe gee es a6. 1 ee ee 
ae ee ae, "8° 4°47 «(160 
2. vil 1 3 5 A 
= Spee A t = 
a ae ae ace aaa ie 
2 2 1 
49. a. 3y = 5y 5 50. 5 4m = 3m 5 
5. 2 25 5 3 2 9 y 3 
51.—+-x= Px 52. 1 y= + 
3 3 12 4 4 3 BS: <a / *5 
53. 2.1x + 45.2 = 3.2 — 8.4x 54. 0.96y — 0.79 = 0.21ly + 0.46 
55. 1.03 — 0.62x = 0.71 — 0.22x 56. 1.7f + 8 — 1.62t = 0.4t — 0.32 + 8 
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57. 


59. 


62. 


65. 


68. 


71. 


73. 


75. 


77. 


79. 


81. 


2 1 

Sh ex HS See 

7 2 4 
Solve. 

3(2y — 3) = 27 


9 = 3(5x — 2) 


—23 +x=x-— 23 


5x + 5(4x — 1) = 20 


6 — 2(3x —1)=2 


60. 8(3x + 2) = 30 


63. -—23 +y=yt 25 


69. 5r — (2r + 8) = 16 


72. 


94+ b= 7H = 15. = 2x + 10x-— 10 74. 
22x -5- 15x+3 = 10x -4-3x+11 76. 
5(d + 4) = 7(d — 2) 78. 
8(2t + 1) = 4(7t + 7) 80. 
3(r- 6) +2 =4(r+ 2) - 21 82. 


61. 40 = 5(3x + 2) 


64.17 —t=-t+ 68 


67. 2(3 + 4m) — 9 = 


70. 6b — (3b + 8) = 16 


10 — 3(2x -1)=1 


3 — 7x + 10x — 14 = 9 — 6x + 9x — 20 
llx —-6-— 4x+1=9x —-8—- 2x+ 12 
3(t — 2) = 9(t + 2) 

7(5x — 2) = 6(6x — 1) 
5(t+ 3) +9 = 3(t- 2) +6 
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83. 19 — (2x 


3) =2(x+ 3) +x 84. 13 — (2c + 2) = 2(c + 2) + 3c 


85. 2[4 — 2(3 — x)] — 1 = 4[2(4x — 3) + 7] — 25 86. 5[3(7 — t) — 4(8 + 2t)] — 20 = —6[2(6 + 3t) 
87. 11 — 4(x + 1) —-3 = 11 + 2(4 — 2x) — 16 88. 6(2x — 1) — 12 = 7+ 12(x- 1) 

89. 22x — 1 — 12x = 5(2x-1) +4 90.2 + 14x -9=7(2x+ 1)- 14 

91. 0.7(3x + 6) = 1.1 — (x + 2) 92. 0.9(2x + 8) = 20 — (x + 5) 


Skill Maintenance 


93. Divide: —22.1 + 3.4. [7.6c] 94, Multiply: —22.1(3.4).  [7.5al 
95. Factor: 7x — 21 — 14y.  [7.7d] 96. Factor: 8y — 88x + 8. [7.7d] 
Simplify. 
97. —3 + 2(-5)*(-3) — 7 [7.8d] 98. 3x + 2[4 — 5(2x — 1)] [7.8c] 
99. 23(2x — 4) — 15(10 — 3x) [7.8b] 100. 256 + 64 + 42 [7.8d] 
Synthesis 
Solve. 

aCF 5 3 1 1 
101. 2(2 ax) aa 102. 1 (8y + 4) — 17 5(4y ~ 8) 


4—3x 2+ 5x x 


103 
7 49 14 


104. The width of a rectangle is 5 ft, its length is (3x + 2) ft, and its area is 75 ft. Find x. 
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(a) Evaluating Formulas 


A formula is a “recipe” for doing a certain type of calculation. Formulas are 
often given as equations. When we replace the variables in an equation with 
numbers and calculate the result, we are evaluating the formula. Evaluating 
was introduced in Section 7.1. 

Let’s consider a formula that has to do with weather. Suppose you see a 
flash of lightning during a storm. Then a few seconds later, you hear the thun- 
der that accompanies that lightning. 

Your distance from the place where the lightning struck is given by the 
formula M = it, where tis the number of seconds from the lightning flash to 
the sound of the thunder and M is in miles. 


EXAMPLE 1 Distance from Lightning. Consider the formula M = it. 
Suppose it takes 10 sec for the sound of thunder to reach you after you have 
seen a flash of lightning. How far away did the lightning strike? 


We substitute 10 for tand calculate M: 
M = #t = }(10) = 2. 
The lightning struck 2 mi away. ) 
EXAMPLE 2 Socks from Cotton. Consider the formula S = 4321x, where 
Sis the number of socks of average size that can be produced from x bales of 
cotton. You see a shipment of 300 bales of cotton taken off a ship. How many 


socks can be made from the cotton? 
Source: Country Woman Magazine 


We substitute 300 for x and calculate S: 
S = 4321x = 4321(300) = 1,296,300. 
Thus, 1,296,300 socks can be made from 300 bales of cotton. } 


| Do Exercises 1 and 2. 


1. Storm Distance. Refer to Exam- 
ple 1. Suppose that it takes the 
sound of thunder 14 sec to reach 
you. How far away is the storm? 


2. Socks from Cotton. Refer to 
Example 2. Determine the 
number of socks that can be 
made from 65 bales of cotton. 


Answers 
1.2.8mi 2. 280,865 socks 
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' 


3. Distance, Rate, and Time. 
Acar travels at 55 mph for 6.2 hr. 
How far will it travel? 


4. Solve for g: B = at 


5. Solve for m: n = mz. 


6. Electricity. Solve for /: E = IR. 
(This formula relates voltage E, 
current J, and resistance R.) 


Answers 

3. 341mi 4. q = 3B 

sme" e722 
. R 


EXAMPLE 3 _ Distance, Rate,and Time. The distance d that a car will 
travel at a rate, or speed, rin time fis given by 


d = rt. 
A car travels at 75 miles per hour (mph) for 4.5 hr. How far will it travel? 
We substitute 75 for r and 4.5 for t and calculate d: 
d = rt = (75)(4.5) = 337.5 mi. 


The car will travel 337.5 mi. 


Do Exercise 3. 


(b) Solving Formulas 


Refer to Example 2. Suppose a clothing company wants to produce S socks 
and needs to know how many bales of cotton to order. If this calculation is to 
be repeated many times, it might be helpful to first solve the formula for x: 


S = 4321x 


se 
4321 


Then we can substitute a number for S and calculate x. For example, if the 
number of socks S to be produced is 432,100, then 


= x. Dividing by 4321 


S 432,100 


4321 4321 ea 


x 


The company would need to order 100 bales of cotton. 


) EXAMPLE 4 Solve for z: H = jz. 


zZ We want this letter alone. 


H=! 
4-H=4 iz Multiplying by 4 on both sides 
z 


For H = 2in Example 4, z = 4H = 4(2), or 8. 


EXAMPLE 5 Distance, Rate,and Time. Solve for t: d = rt. 


d=rt We want this letter alone. 
drt 

a _ ti Dividi 

er ividing by r 

d 

—o-. ik 

r or 

d ee 

Poa t Simplifying 


Do Exercises 4-6. 
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| EXAMPLE 6 Solveforx: y= x + 3. 


Vv 
y=x+3 
y-3=x+3 

y-3=x 


=3 


We want this letter alone. 
Subtracting 3 
Simplifying ) 


{ EXAMPLE 7 Solve forx: y= x—- a. 


Vv 
y=x-@a 
yt+a=x-a 


yra=x 


+a 


We want this letter alone. Sobietor. 
syaxt 

Adding a ee ae 

Simplifying ) hy Sea 7 


Do Exercises 7-9. Chee — 1d 


| EXAMPLE 8 Solve fory: 6y = 3x. 


6y = 3x 
by _ 3x 
6 6 


ge s 
egg 


We want this letter alone. 


Dividing by 6 


Simplifying j 


| EXAMPLE 9 Solve fory: by = ax. 


by = ax We want this letter alone. 
b 
77 ; Dividing by b 
ax 
~% gs antity 
yD a aa ) 10. Solve for y: 9y = 5x. 


| Do Exercises 10 and 11. 11. Solve for p: ap = bt. 


! EXAMPLE 10 Solve forx: ax + b=. 


ax+ b= 
ax+b—-—b= 
ax = 


c 
can 
c—b 
c—b 


We want this letter alone. 


ae 1, 


Subtracting b 
Simplifying 
Dividing by a 12. Solve for x: y = mx 
13. Solve for Q: t(Q—- p= a. 
Simplifying } che tone ey 


| Do Exercises 12 and 13. 


Answers 

7x=y-5 8&x=yt+7 
5. 

9.x=yt+b 10. y= or 


bt y—b 
a ea 12 


at+p 
t 


13. Q= 
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To solve a formula for a given letter, identify the letter and: 
1. Multiply on both sides to clear fractions or decimals, if that is 
needed. 
2. Collect like terms on each side, if necessary. 


3. Get all terms with the letter to be solved for on one side of the 
equation and all other terms on the other side. 


4. Collect like terms again, if necessary. 
5. Solve for the letter in question. 


| EXAMPLE 11 Circumference. Solve for r: C = 27r. This is a formula for 
the circumference C of a circle of radius r. 


C= 2ar We want this letter alone. 


ce. mec! 
Qa (ar ee 
O « 
277 ] 
+ b+ 
| EXAMPLE 12 Averages. Solve fora: A = — This is a formula for 
the average A of three numbers a, b, and c. 
14. Circumference. Solve for D: _atbte 
Cs aD oan aor We want the letter a alone. 
This is a formula for the oe pave 
circumference C of a circle of 3:A=3: a Multiplying by 3 on both sides 
diameter D. 
38A=atbt+e Simplifying 
15. Averages. Solve for c: 3A-b-c=a Subtracting b and c ) 
a @ak lot et a 
4 i Do Exercises 14 and 15. | 
STUDY TIPS 
HIGHLIGHTING you, continue to do so. But you will notice many 


design features throughout this book that already 
highlight important points. Thus you may not need to 
highlight as much as you generally do. 

e Highlight points that you do not understand. Usea 
special marker to indicate trouble spots that can lead 
to questions to be asked during class or in a tutoring 
session. 


e Try to keep one section ahead of your syllabus. Reading 
and highlighting a section before your instructor lectures 
on it allows you to listen carefully and concentrate on 
what is being said in class. Then you can take notes only 
on special points and on questions related to the lecture. 


e Highlight important points. You are probably used to 
highlighting key points as you study. If that works for 


Answers 


14. D “ 15.c=4A-—a-—b-d 
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‘sels §=6Exercise Set 


(a) ; (b) Solve. 


1. Furnace Output. The formula 
B= 30a 
is used in New England to estimate the minimum 
furnace output B, in Btu’s, for a modern house with a 
square feet of flooring. 
Source: U.S. Department of Energy 
a) Determine the minimum furnace output fora 
1900-ft” modern house. 
b) Solve for a. That is, solve B = 30a for a. 


3. Distance from Lightning. The formula 
M=it 
can be used to determine how far M, in miles, you are 


from lightning when its thunder takes t seconds to reach 
your ears. 


a) It takes 8 sec for the sound of thunder to reach you 
after you have seen the lightning. How far away did 
the lightning strike? 

b) Solve for ¢. 


5. College Enrollment. At many colleges, the number of 
“full-time-equivalent” students f is given by 
n 
f= a5 
where 7 is the total number of credits for which students 
have enrolled in a given semester. 


a) Determine the number of full-time-equivalent 
students on a campus in which students registered 
for a total of 21,345 credits. 

b) Solve for n. 


For Extra Help 


MyMathLab |) re. a 


2. Furnace Output. The formula 


B= 50a 

is used in New England to estimate the minimum 
furnace output B, in Btu’s, for an old, poorly insulated 
house with a square feet of flooring. 
Source: U.S. Department of Energy 
a) Determine the minimum furnace output for a 

3200-ft? old, poorly insulated house. 
b) Solve for a. That is, solve B = 50a for a. 


. Electrical Power. The power rating P, in watts, of an 


electrical appliance is determined by 
P=I1-V, 
where I is the current, in amperes, and V is measured 
in volts. 
a) A microwave oven requires 12 amps of current and 
the voltage in the house is 115 volts. What is the 


wattage of the microwave? 
b) Solve for J; for V. 


. Surface Area of a Cube. The surface area A of a cube 


with side s is given by 
A = 6s?. 
sN 
Ss 


a) Find the surface area of a cube with sides of 3 in. 
b) Solve for s?. 
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7. Calorie Density. The calorie density D, in calories 


per ounce, of a food that contains c calories and weighs 
w ounces is given by 


p=. 
w 
Eight ounces of fat-free milk contains 84 calories. Find the 
calorie density of fat-free milk. 


Source: Nutrition Action Healthletter, March 2000, p. 9. Center for Science 
in the Public Interest, Suite 300; 1875 Connecticut Ave NW, Washington, 
D.C. 20008. 


. Size of a League Schedule. When alln teams ina 
league play every other team twice, a total of N games 
are played, where 

N=n?—-n, 
A soccer league has 7 teams and all teams play each 
other twice. How many games are played? 


b ' Solve for the indicated letter. 


11. y = 5x, for x 


14. y = mx, for x 


WWy=x- =, forx 


20. t= 6+ s,fors 


23. y=5 — x, forx 
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CHAPTER 8 


12. d = 55t, for t 


15.n = m+ 11,form 
2 

—, for x 
3 


18. y=x- 


21.y=x + b,forx 


24. y = 10 — x, forx 


Solving Equations and Inequalities 


8. 


10. 


Wavelength of a Musical Note. The wavelength w, in 
meters per cycle, of a musical note is given by 
r 
W=7, 


z 


where r is the speed of the sound, in meters per second, 
and f is the frequency, in cycles per second. The speed of 
sound in air is 344 m/sec. What is the wavelength of a 
note whose frequency in air is 24 cycles per second? 


Size of a League Schedule. When alln teams ina 
league play every other team twice, a total of N games 
are played, where 


N=n?—n. 
A basketball league has 11 teams and all teams play each 
other twice. How many games are played? 


13. a = be, forc 


16. z= t+ 21,fort 


13 + x, forx 


19. y 


22. y=x +A, forx 


25. y=a— x, forx 
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26. y = gq — x, forx 


29. By = Ax, for x 


32. W = mt — b, fort 


35. Area ofa Parallelogram: 


A = bh, forh 
(Area A, base D, height h) 


38. Area of a Circle: 
A= ar’, for r2 
(Area A, radius r) 


+b+ 
41.A= a5 9 ** for 


44,S =1rx + s,forx 


27. 8y = 5x, fory 28. 10y = —5x, fory 


30. By = Ax, fory 


31. W = mt + b, fort 


33. y = bx + c, forx 


34. y = bx — c, forx 


36. Distance, Rate, Time: 37. Perimeter of a Rectangle: 


d= rt, forr P= 21+ 2w, forw 
(Distance d, speed r, time 2) 


(Perimeter P, length J, width w) 


Speed, r Time, t 
: w 
I 
Distance, d 
39. Average of Two Numbers: 40. Area of a Triangle: 
a+b 1 
A= , fora A= 3 bh for b 
i = a +b b 
Aa 
+b+t+ 
42, A=4 : © forc 43. A = at + b, fort 
_ _P-4 
45. Ax + By = c, forx 46. Q= 3 , for p 
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47. Force: 
F = ma, fora 


(Force F, mass m, acceleration a) 
rate r, time f) 


50. Ax + By = c, fory Sigs tere 
t 


Skill Maintenance 


23 
53. Convert to decimal notation: —. 


25 [3.1b] 
55. Add: 0.082 + (—9.407). [7.3a] 
57. Subtract: —45.8 — (—32.6).  [7.4a] 
Convert to decimal notation. [4.2b] 
59. 3.1% 
2 5 
Add: -= +=. [7. 
61. Add a 6 [7.3a] 
Synthesis 


63. Female Caloric Needs. The number of calories K 
needed each day by a moderately active woman who 
weighs w pounds, is h inches tall, and is a years old can 
be estimated by the formula 

K=917+ 6(w+h-— a). 
Source: Parker, M., She Does Math. Mathematical Association of America, p. 96 


a) Elaine is moderately active, weighs 120 lb, is 67 in. 
tall, and is 23 yr old. What are her caloric needs? 
b) Solve the formula for a; for h; for w. 


Solve. 


65. H = 


2 
2 for b; for a 


67. InA = lw, if land w both double, what is the effect on A? 


69. InA = sph, if b increases by 4 units and h does not 
change, what happens to A? 
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48. Simple Interest: 
I = Prt, for P 
(Interest J, principal P, interest 


54. 


56. 
58. 


60. 


62. 


64. 


66. 


68. 


70. 


49. Relativity: 
E = mc?, for c? 
(Energy E, mass m, speed of light c) 


ab 
52. P= ee for c 


Add: —23 + (—67). [7.3al 


Subtract: —23 — (—67). [7.4a] 


Remove parentheses and simplify: [7.8b] 


4a — 8b — 5(5a — 4b). 


67.1% 
2 5 
bt PS Se ee 
Subtract 3° 6 [7.4a] 
Male Caloric Needs. The number of calories K needed 


each day by a moderately active man who weighs w kilo- 
grams, is h centimeters tall, and is a years old can be es- 
timated by the formula 


K = 19.18w + 7h — 9.52a + 92.4. 
Source: Parker, M., She Does Math. Mathematical Association of America, p. 96 


a) Marvis moderately active, weighs 97 kg, is 185 cm 
tall, and is 55 yr old. What are his caloric needs? 
b) Solve the formula for a; for h; for w. 


P= 4m + 7mn, form 


In P = 2a + 2b, if P doubles, do a and b necessarily both 
double? 


1 


Ive for F: D = : 
Solve for BaF 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1.3 — x = 4x and 5x = —3 are equivalent equations. [8.1b] 


2. For any real numbers a, b, and c, a = bis equivalenttoa + c=b+c. 
[8.1b] 

3. We can use the multiplication principle to divide on both sides of an 
equation by the same nonzero number. [8.2a] 


4. Every equation has at least one solution. [8.3c] 


Guided Solutions 


Fill in each blank with the number, variable, or expression that creates a correct statement or solution. 
Solve. [8.1b], [8.2a] 


5. Sear = 8) 6. —6x = 42 
tO Oi —6x 42 
Xai a= 8 =6° 7 

= |— Xf 
21 | 
7. Solve fory: 5y+z=t. [8.4b] 
sy tet 
Ven ae eal | | 
sy =[] 
WY t= ~Z 
ae 
ae 


Mixed Review 
Solve. [8.1b], [8.2a], [8.3a, b, c] 


$425 = 1 9x+9=-3 1058 = 72 4 ll. -7=y+3 
io = Gee 13.y=72=2 14. a --* is 233 = 1047 
16. 7x = 42 im 17 = =¢ 18. 6x = —54 19. —5y = —85 

20. = = 3 21. ox 12 22,-==3 23. =x = = 

24, 3x +2=5 os 57 4S 11 26. 6x -—7 =2 27. 44-9 =-5 


Mid-Chapter Review: Chapter 8 601 


28. 6x + 5x = 33 29. —3y — 4y = 49 30. 3x —-4=12-<x S15: = 6% 99) = 8x 


oS) 4 1 1 
5 al 5 =a == == 34. 0.21n — 1.05 = 2.1 — 0.14 
Bas Ae! BoB eS 10 n n 
35, 5(y— 1) = =35 36. 7 — 2(5x + 3) =1 30) — 8 
38.z+12=—-124+2 39. 4(3x + 2) = 5(2x — 1) 40. 8x — 6 — 2x = 3(2x — 4) + 6 
Solve for the indicated letter. [8.4b] 
41. A = 4b, forb 42. y =x — 1.5, for x 43. n = s — m,form 
Mae Vos 
44. 4t = 9w, fort 45. Bi— ab — Gc lore 46. M = 5 , fory 
Understanding Through Discussion and Writing 
47. Explain the difference between equivalent expressions 48. Are the equations x = 5 and x* = 25 equivalent? Why or 
and equivalent equations. [7.7a], [8.1b] why not? [8.1b] 
49. When solving an equation using the addition principle, 50. Explain the following mistake made by a fellow student. 
how do you determine which number to add or subtract [8.1b] ? 
on both sides of the equation? [8.1b] 1 5 = 
Se es) 
x 3 : 
=} 
4 E 
C= = 5 
: E 
51. When solving an equation using the multiplication prin- 52. Devise an application in which it would be useful to = 
ciple, how do you determine by what number to mullti- solve the equation d = rtforr. [8.4b] 8 
ply or divide on both sides of the equation? [8.2a] = 
Q 
1e) 
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(a) Translating and Solving 


Many applied problems involve percent. Here we begin to see how equation 
solving can enhance our problem-solving skills. For background on the 
manipulative skills of percent notation, see Sections 4.2—4.5. 

In solving percent problems, we first translate the problem to an equation. 
Then we solve the equation using the techniques discussed in Sections 8.1-8.3. 
The key words in the translation are as follows. 


KEY WORDS IN PERCENT TRANSLATIONS 


“Of” translates to “-” or “x”. 


“Ts” translates to “=”. 


“What number” or “what percent” translates to any letter. 
“%” translates to “X im or “Xx 0.01”. 


EXAMPLE 1 Translate: 


28% of 5 is what number? 
28% - 5 = a This is a percent equation. ) 


EXAMPLE 2 Translate: 
45% of whatnumber is 28? 


Y yy yy 
= 28 


45% xX b ) 
EXAMPLE 3 Translate: 
What percent of 90 is 7? 
n - 9 = 7 ) 


Do Exercises 1-6. 


Percent problems are actually of three different types. Although the 
method we present does not require that you be able to identify which type 
we are studying, it is helpful to know them. Let’s begin by using a specific 
example to find a standard form for a percent problem. 

We know that 


15is 25% of 60, or 15 = 25% X 60. 
We can think of this as: 


Amount = Percent number X Base. 


Translate to an equation. Do not 
solve. 


1. 13% of 80 is what number? 


2. What number is 60% of 70? 
3. 43 is 20% of what number? 
4. 110% of what number is 30? 
5. 16 is what percent of 80? 


6. What percent of 94 is 10.5? 


Answers 


1.13%: 80=a 2. a=60%-70 
3.43 = 20%-b 4. 110% - b = 30 
5.16=n-80 6.n-94= 10.5 


8.5 Applications of Percent 603 


SOLVING APPLIED 
PROBLEMS 


Don't be discouraged if, at first, 
you find the exercises in this sec- 
tion to be more challenging than 
those in earlier sections or if you 
have had difficulty doing applied 
problems in the past. Your skill will 
improve with each problem you 
solve. After you have done your 
homework for this section, you 
might want to do extra problems 
from the text. As you gain experi- 
ence solving applied problems, 
you will find yourself becoming 
comfortable with them. 


7. What number is 2.4% of 80? 


8. 25.3 is 22% of what number? 


Each of the three types of percent problem depends on which of the three 
pieces of information is missing in the statement 


Amount = Percent number X Base. 
1. Finding the amount (the result of taking the percent) 
Example: Whatnumber is 25% of 60? 


Translation: = 25% - 60 
2. Finding the base (the number you are taking the percent of) 


Example: 15 ; 25% of what number? 


tae 4 


Translation: 15 = 25% 
3. Finding the percent number (the percent itself) 


Example: 15 is whatpercent of 60? 


ar 


Translation: 15 = y 


Finding the Amount 


’ EXAMPLE 4 What number is 11% of 492 
What number is 11% of 49? 


Foyt i 


Translate: = 11% x 49 


Solve: The letter is by itself. To solve the equation, we need only convert 11% 
to decimal notation and multiply: 


a= 11% X 49 = 0.11 X 49 = 5.39. 
Thus, 5.39 is 11% of 49. The answer is 5.39. 


Do Exercise 7. 


Finding the Base 


' EXAMPLE 5_ 3 is 16% of what number? 


is 16% of what number? 


rir d 4 


Translate: = 16% X 
3 = 0.16 X b Converting 16% to decimal notation 


Solve: In this case, the letter is not by itself. To solve the equation, we divide 
by 0.16 on both sides: 


3 = 0.16 x b 
3 0.16XD 
= SP"  pividi ‘ 
0.16 0.16 as 
18.75 = b. Simplifying 


The answer is 18.75. i 


Answers 


7.1.92 8.115 Do Exercise 8. 
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Finding the Percent Number 
In solving these problems, you must remember to convert to percent notation 


after you have solved the equation. 
EXAMPLE 6 $32 is what percent of $502 
$32 is whatpercent of $50? 


Loy 4 


Translate; 32 = p x 50 


Solve: To solve the equation, we divide by 50 on both sides and convert the 
answer to percent notation: 


32 = p X 50 
2 x 50 
= = 50 Dividing by 50 
0.64 = p 
64% = p. Converting to percent notation 


Thus, $32 is 64% of $50. The answer is 64%. l 


Do Exercise 9. 9. What percent of $50 is $18? 


EXAMPLE 7 Foreign Visitors to China. About 22 million foreign 
travelers visited China in 2006. Of this number, 9% were from the 
United States. How many Americans visited China in 2006? 

Source: T/ME Magazine, March 8, 2007 


To solve this problem, we first reword and then translate. We let 
a = the number of Americans, in millions, who visited China in 2006. 


Rewording: Whatnumber is 9% of 222 


, 4 


Translating: a = 9% X 22 


Solve: The letter is by itself. To solve the equation, we need only 
convert 9% to decimal notation and multiply: 


a = 9% X 22 = 0.09 X 22 = 1.98. 


Thus, 1.98 million is 9% of 22 million, so 1.98 million Americans 
visited China in 2006. j 


Do Exercise 10. 


EXAMPLE 8 Public School Enrollment. In the fall of 2008, 14.9 million 
students enrolled in grades 9-12 in U.S. public schools. This was 30% of the 


10. Chinese Visitors to the United 
States. About 51 million 
foreign travelers visited the 


total enrollment in public schools. What was the total enrollment? United States in 2006. OF this 

Source: National Center for Educational Statistics number, 1% were from China. 
To solve this problem, we first reword and then translate. We let How many Chinese travelers 

T = the total enrollment, in millions, in U.S. public schools in 2008. visited the United States in 20062 


‘ . Source: T/ME Magazine, March 8, 2007 
Rewording: 14.9 is 30% of what number? 


Translating: Pe ’ te { | 


Answers 
9. 36% 10. 0.51 million travelers 
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Solve: To solve the equation, we convert 30% to decimal notation and divide 


11. Areas of Texas and Alaska. by 0.3 on both sides: 
The area of the second largest 
state, Texas, is 268,581 mi?. This 14.9 = 30% x T 
is about 40.5% of the area of the 149=03 xT Converting to decimal notation 
largest state, Alaska. What is the 149 0ax%T 
area of Alaska? ae =— aa Dividing by 0.3 
49.7 = T. Simplifying and rounding to the nearest tenth 
About 49.7 million students enrolled in U.S. public schools in 2008. ) 


Do Exercise 11. 


' EXAMPLE 9 Employment Outlook. There were 280 thousand dental 
assistants in 2006. This number is expected to grow to 362 thousand in 2016. 
What is the percent of increase? 

Source: Occupational Outlook Handbook 


To solve the problem, we must first determine the amount of the in- 
crease, in thousands: 


Jobs in 2016 minus Jobsin2006 = _ Increase 
362 = 280 = 82. 


Using the job increase of 82 thousand, we reword and then translate. We let 
p = the percent of increase. We want to know, “what percent of the number 
of jobs in 2006 is 82 thousand?” 


Rewording: 82 is whatpercent of 280? 
Translating: 82 = Pp x 280 


12. Employment Outlook. There Solve: To solve the equation, we divide by 280 on both sides and convert the 


were 234 thousand file clerks in answer to percent notation: 
2006. This number is expected to 82 = p X 280 
decrease to 137 thousand in a SOAh) 
2016. What is the percent of be _?P Dividing by 280 
decrease? 280 280 oe 
Source: Occupational Outlook Handbook 0.293 ~ p Simplifying 
29.3% & p. Converting to percent notation 
The percent of increase is about 29.3%. ) 
Answers 


11. About 663,163 mi? , 
12 onal 5% a Do Exercise 12. 
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8.5 


(a) Solve. 


1. 


21. 


23. 


25. 


27. 


What percent of 180 is 362 


. 20.4 is 24% of what number? 


. 30 is what percent of 125? 


. 7is 175% of what number? 


. What percent of 68 is 17? 


. What number is 35% of 240? 


. What percent of 125 is 30? 


. What percent of 300 is 482 


14 is 30% of what number? 


What number is 2% of 402 


0.8 is 16% of what number? 


54 is 135% of what number? 


Exercise Set 


For Extra Help | 
MyMathLab|)) - & 


PRACTICE WATCH DOWNLOAD 


READ REVIEW. 


2. What percent of 76 is 19? 3. 45 is 30% of what number? 
5. What number is 65% of 840? 6. What number is 50% of 50? 
8. 57 is what percent of 300? 9. 12% of what number is 0.3? 
11. 2 is what percent of 40? 12. 16 is what percent of 40? 
14. What percent of 150 is 39? 


20. 


22. 


24. 


26. 


28. 


. What number is 1% of one million? 


. What percent of 60 is 752 


What percent of 70 is 702 


54 is 24% of what number? 


What number is 40% of 22 


40 is 2% of what number? 


8 is 2% of what number? 
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Amount Spent on Pets. In 2007, $41.2 billion was spent on pets in the United States. The circle graph below shows the 
breakdown of this spending. 


Amount Spent on Pets 
Veterinary care 
25% 
Food 
39% 


Grooming Supplies/Over- 
and boarding the-counter 
7% hasi medicine 
Purchasing 24% 


pets 5% 


SOURCE: American Pet Products Association 


Complete the following table of amounts spent on pets. Round to the nearest tenth. 


AMOUNT AMOUNT 
(in billions) (in billions) 
29. Food 30. Veterinary care 
31. Purchasing pets 32. Grooming and 
boarding 
33. Smart TV Market. Smart TVs, which are designed 34. Automobile Sales. Sales of cars averaged $26 million 

to be easily connected to the Internet or to a home per dealership in 2007. Of this amount, new car sales 
computer network, are a small but growing part of accounted for receipts of $24 million. What percent of 
the TV market. Total TV sales in 2010 are projected to total sales are new cars? 
be 209 million units, with smart TVs comprising Source: U.S. Census Bureau 


25.1 million units. What percent of total sales are projected 
to be smart TV sales? 
Source: IDC 


35. Graduation Gifts. American consumers spent 36. Graduation Gifts. Refer to Exercise 35. Gift cards 
$4.5 billion on graduation gifts in 2008. Cash accounted accounted for 35.7% of the amount spent on graduation 
for 58.8% of this amount. How much cash was given as gifts in 2008. What is the total value of these gift cards? 
graduation gifts? Source: National Retail Federation 


Source: National Retail Federation 
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37. 


39. 


Al. 


42. 


43. 


45. 


47. 


Student Loans. To finance her community college 
education, Sarah takes out a Stafford loan for $6500. 
After a year, Sarah decides to pay off the interest, which 
is 6% of $6500. How much will she pay? 


Tipping. Leon left a $4 tip for a meal that cost $25. 


a) What percent of the cost of the meal was the tip? 
b) What was the total cost of the meal including the tip? 


Tipping. Leon left a 15% tip for a meal that cost $25. 


a) How much was the tip? 
b) What was the total cost of the meal including the tip? 


Tipping. Sam, Selena, Rachel, and Clement left a 15% 
tip for a meal that cost $58. 

a) How much was the tip? 

b) What was the total cost of the meal including the tip? 


Tipping. Leon left a 15% tip of $4.50 for a meal. 


a) What was the cost of the meal before the tip? 
b) What was the total cost of the meal including the tip? 


City Park Space. Portland, Oregon, has 12,959 acres of 
park space. This is 15.1% of the acreage of the entire city. 
What is the total acreage of Portland? 

Source: Indy Parks and Recreation master plan 


Size of New Homes. The median size of a new single- 
family home grew from 1879 ft? in 1997 to 2304 ft? in 
2008. What is the percent of increase? 

Source: U.S. Census Bureau 


38. 


40. 


44, 


46. 


48. 


Student Loans. Paul takes out a PLUS loan for $5400. 
After a year, Paul decides to pay off the interest, which is 
8.5% of $5400. How much will he pay? 


Tipping. Selena left a $12.76 tip for a meal that 


cost $58. 
a) What percent of the cost of the meal was the tip? 
b) What was the total cost of the meal including the tip? 


Selena left a 15% tip of $8.40 for a meal. 


Tipping. 
a) What was the cost of the meal before the tip? 
b) What was the total cost of the meal including the tip? 


Junk Mail. About 46.2 billion pieces of unopened junk 
mail ends up in landfills each year. This is about 44% of 
all the junk mail that is sent annually. How many pieces 
of junk mail are sent annually? 

Source: Globaljunkmailcrisis.org 


Health Technology Spending. With growth in tradi- 
tional technology markets slowing, many companies 
are developing products for the health-care market. 
Worldwide, $68.4 billion was spent on health-care tech- 
nology in 2005. This amount was expected to increase to 
$83.6 billion in 2009. What is the percent of increase? 


Source: Gartner 
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49. Renewable Fuel. In 2006, about 4 billion gal of renew- 
able fuels, such as ethanol and other biofuels, were used 
in the United States. The energy law passed in 2007 re- 
quires that 36 billion gal of such fuels be used by 2022. 
What is the percent of increase? 

Source: U.S. Senate Committee on Energy and Natural Resources 


51. Employment Outlook. In 2006, there were 50 thousand 
pharmacy aides in the United States. This number is 
expected to drop to 45 thousand by 2016. What is the 
percent of decrease? 


Source: Occupational Outlook Handbook 


50. 


52. 


Accidents at Railroad Crossings. In 1997, 3865 acci- 
dents occurred at railroad crossings in the United States. 
This number dropped to 2918 in 2006. What is the 
percent of decrease? 

Source: Federal Railroad Administration 


Employment Outlook. In 2006, there were 767,000 
personal and home-care aides in the United States. This 
number is expected to grow to 1,156,000 by 2016. What 
is the percent of increase? 

Source: Occupational Outlook Handbook 


53. Debit IDs. A growing number of colleges are teaming up 
with banks to issue student ID cards that double as debit 
cards. There were 52 such partnerships in 2002. This num- 
ber grew to 127 in 2007. What is the percent of increase? 
Source: CR80News 


Skill Maintenance 


Compute. 


55. 9.076 + 0.05 [3.4a] 


57. 1.089 + 10.89 + 0.1089 [3.2a] 


Remove parentheses and simplify. [7.8b] 
59. —5a + 3c — 2(c — 3a) 


Add. 


[7.3a] 


61. —6.5 + 2.6 


Fill in each blank with a word that makes the statement true. 


63. To simplify the calculation 18 — 24 + 3 — 48 + (4), 


do all the calculations first, and then 
the calculations. 
Synthesis 


65. It has been determined that at the age of 15, a boy has 


reached 96.1% of his final adult height. Jaraan is 6 ft 4 in. 


at the age of 15. What will his final adult height be? 
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54. 


56. 
58. 


60. 


62. 


[7.8d] 
64. 


66. 


Decline in Tuberculosis Cases. The number of cases of 
tuberculosis in the United States has plunged from 69,895 
in 1956 to 13,299 in 2007. What is the percent of decrease? 


Source: U.S. Centers for Disease Control and Prevention 


9.076 x 0.05 [3.3a] 


1000.23 — 156.0893 [3.2b] 


A(x — 2y) — (y — 3x) 


To simplify the calculation 18 — 24° + 48 + (—4)2, do all 

the calculations first, and then the 
calculations, and finally the 
calculation. 


It has been determined that at the age of 10, a girl has 
reached 84.4% of her final adult height. Dana is 4 ft 8 in. 
at the age of 10. What will her final adult height be? 
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We have discussed many new equation-solving tools in this chapter and used 
them for applications and problem solving. Here we consider a five-step 


Five Steps for Solving Problems 


strategy that can be very helpful in solving problems. 


FIVE STEPS FOR PROBLEM SOLVING IN ALGEBRA 


. Familiarize yourself with the problem situation. 


Of the five steps, the most important is probably the first one: becoming 
familiar with the problem situation. The box below lists some hints for 


. Translate the problem to an equation. 

. Solve the equation. 

. Check the answer in the original problem. 
. State the answer to the problem clearly. 


familiarization. 


TO FAMILIARIZE YOURSELF WITH A PROBLEM 


| EXAMPLE 1 


If a problem is given in words, read it carefully. Reread the problem, 
perhaps aloud. Try to verbalize the problem as if you were 
explaining it to someone else. 


Choose a variable (or variables) to represent the unknown and 
clearly state what the variable represents. Be descriptive! For 
example, let L = the length, d = the distance, and so on. 

Make a drawing and label it with known information, using specific 
units if given. Also, indicate unknown information. 

Find further information. Look up formulas or definitions with which 
you are not familiar. (Geometric formulas appear on the inside back 
cover of this text.) Consult a reference librarian or the Internet. 


Create a table that lists all the information you have available. Look 
for patterns that may help in the translation to an equation. 


Think of a possible answer and check the guess. Note the manner 
in which the guess is checked. 


section. The scarf is 7 ft long. Find the length of each section of the scarf. 


Knitted Scarf. Lily knitted a scarf in three shades of blue, 
starting with a light-blue section, then a medium-blue section, and finally a 
dark-blue section. The medium-blue section is one-half the length of the light- 
blue section. The dark-blue section is one-fourth the length of the light-blue 


SKILL TO REVIEW 
Objective 7.1b: Translate phrases to 
algebraic expressions. 


Translate each phrase to an 
algebraic expression. 

1. One-third of a number 

2. Two more than a number 


Answers 


Skill to Review: 


1 n 
1. —n, or — 
3 


3 2...X+2,0F 2+ ¥ 
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1. Familiarize. Because the lengths of the medium-blue section and the 


dark-blue section are expressed in terms of the length of the light-blue 
section, we let 


x = the length of the light-blue section. 


1 
Then ot = the length of the medium-blue section 


1 
and a the length of the dark-blue section. 


We make a drawing and label it. 


2. Translate. From the statement of the problem and the drawing, we 


know that the lengths add up to 7 ft. This gives us our translation: 


Length of Length of Length of 
light-blue medium-blue dark-blue Total 
section plus section plus section is length 
+ : + ty 7 ee 
x al Fi _ : 


3. Solve. First, we clear fractions and then carry out the solution as follows: 


1 il 
x+ Pha + hai =7 The LCM of the denominators is 4. 


1 1 
a( + 5% 4 7) =4-7 Multiplying by the LCM, 4 


1 1 
A:xt+A4- 9% t+ 4: a” =4-7 Using the distributive law 
Ax + 2x + x = 28 Simplifying 
7x = 28 Collecting like terms 
7 28 
= == Dividing by 7 
x =A. 


4. Check. Do we have an answer to the original problem? If the length of 


the light-blue section is 4 ft, then the length of the medium-blue section 
is $ - 4 ft, or 2 ft, and the length of the dark-blue section is } - 4 ft, or 1 ft. 
The sum of these lengths is 7 ft, so the answer checks. 


Solving Equations and Inequalities 


5. State. The length of the light-blue section is 4 ft, the length of the 
medium-blue section is 2 ft, and the length of the dark-blue section is 1 ft. 
(Note that we must include the unit, feet, in the answer.) 


Do Exercise 1. 


' EXAMPLE 2 Hiking. Atage 79, Earl Shaffer became the oldest person to 
through-hike all 2100 miles of the Appalachian Trail—from Springer Mountain, 
Georgia, to Mount Katahdin, Maine. Shaffer through-hiked the trail three times, 
in 1948 (Georgia to Maine), in 1965 (Maine to Georgia), and in 1998 (Georgia to 
Maine) near the 50th anniversary of his first hike. At one point in 1998, Shaffer 
stood atop Big Walker Mountain, Virginia, which is three times as far from the 
northern end as from the southern end. How far was Shaffer from each end of 
the trail? 


Source: Appalachian Trail Conference; Earl Shaffer Foundation 


1. Familiarize. Let’s consider a drawing. 


To become familiar with the problem, let’s guess a possible distance 
that Shaffer stood from Springer Mountain—say, 600 mi. Three times 600 mi 
is 1800 mi. Since 600 mi + 1800 mi = 2400 mi and 2400 mi is greater 
than 2100 mi, we see that our guess is too large. Rather than guess again, 
let’s use the equation-solving skills that we have learned in this chapter. 
We let 


d = the distance, in miles, to the southern end, and 
3d = the distance, in miles, to the northern end. 


(We could also let x = the distance to the northern end and 3x = the dis- 
tance to the southern end.) 

2. Translate. From the drawing, we see that the lengths of the two parts of 
the trail must add up to 2100 mi. This leads to our translation: 


Distance to Distance to 
southernend plus northernend is 2100 mi 


poy oy te 


3d = 2100. 


8.6 


1. Gourmet Sandwiches. A 
sandwich shop specializes in 
sandwiches prepared in buns 
of length 18 in. Jenny, Emma, 
and Sarah buy one of these 
sandwiches and take it back to 
their apartment. Since they have 
different appetites, Jenny cuts 
the sandwich in such a way that 
Emma gets one-half of what 
Jenny gets and Sarah gets three- 
fourths of what Jenny gets. 

Find the length of each person's 
sandwich. 


) 18 in. ‘ 


Answer 


1. Jenny: 8 in.; Emma: 4 in.; Sarah: 6 in. 
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2. Running. Yiannis Kouros of 
Australia holds the record for the 
greatest distance run in 24 hr by 
running 188 mi. After 8 hr, he was 
approximately twice as far from 
the finish line as he was from the 
start. How far had he run? 


Source: Australian Ultra Runners 
Association 


Sum of x 
x+1 andx + 1 


114 115 
252 253 
302 303 
Answer 
2. 622 mi 
3 


3. Solve. We solve the equation: 


d+ 3d = 2100 
4d = 2100 Collecting like terms 
4d 2100 
a a Dividing by 4 
d = 525. 


4. Check. As expected, d is less than 600 mi. If d = 525 mi, then 3d = 
1575 mi. Since 525 mi + 1575 mi = 2100 mi, we have a check. 

5. State. Atop Big Walker Mountain, Shaffer stood 525 mi from Springer 
Mountain and 1575 mi from Mount Katahdin. j 


Do Exercise 2. 


Recall that the set of integers = {...,—5,—4,—3, —2,—-1,0,1,2,3, 
4,5,...}. Before we solve the next problem, we need to learn some additional 
terminology regarding integers. 

The following are examples of consecutive integers: 16, 17, 18, 19, 20; 
and —31, —30, —29, —28. Note that consecutive integers can be represented 
in the form x, x + 1,x + 2,andso on. 

The following are examples of consecutive even integers: 16, 18, 20, 22, 
24; and —52, —50, —48, —46. Note that consecutive even integers can be rep- 
resented in the form x, x + 2, x + 4, and soon. 

The following are examples of consecutive odd integers: 21, 23, 25, 27, 
29; and —71, —69, —67, —65. Note that consecutive odd integers can be repre- 
sented in the form x, x + 2, x + 4, and so on. 


EXAMPLE 3 Interstate Mile Markers. U.S. interstate highways post num- 
bered markers every mile to indicate location in case of an accident or break- 
down. In many states, the numbers on the markers increase from west to east. 
The sum of two consecutive mile markers on I-70 in Kansas is 559. Find the 
numbers on the markers. 

Source: Federal Highway Administration, Ed Rotalewski 


= . 
; 31 Oak Hill alate 
143 24 x Sat 
26 4) OTTAWA ne : Longford ; 
{ 5 H Wells Cr. Industry i 
Ni > EAN Manchester (15) Milford a 
= Ottawa St. land: 
=S 06) Fishing Lake! as 
3 a ° Benni we 18 3 a ab 
3 ae Pr enningt Talmage 206 2 
ulver Niles 
; ; di (40327 8} 45 
143 Solomon, 
\ : a a 2 ry 0 _,| Chapman 
G troit} 
» Kz 4 Hedvillefi>\, 4 Ki A a 7 Enterprise 
J ambria isenhower 
Salin or Pifhistoric Indian Burial Center 
oe aS 
ai is Wesleyan Univ. re 203 4G 
Mun, Apt 81) Kipp. Holland Nayarre | Woodbine, 
Smolan Latimer 
3% Menotr Gypsum ICKINSON - 
0) Carlton A 5 Hops 8 


1. Familiarize. The numbers on the mile markers are consecutive positive 
integers. Thus if we let x = the smaller number, then x + 1 = the larger 
number. 

To become familiar with the problem, we can make a table, as shown 
at left. First, we guess a value for x; then we find x + 1. Finally, we add the 
two numbers and check the sum. 
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From the table, we see that the first marker will be between 252 and 302. 
We could continue guessing and solve the problem this way, but let’s 
work on developing our algebra skills. 


2. Translate. We reword the problem and translate as follows. 


Rewording:  Firstinteger plus Secondinteger is 559 


Translating: x + (x + 1) = 559 
3. Solve. We solve the equation: 


x +(x +1) =559 


2x + 1 = 559 Collecting like terms 
24 1] = 559 = 1 Subtracting 1 
2x = 558 
2 558 
= —s Dividing by 2 
x = 279. 3. Interstate Mile Markers. The 
sum of two consecutive mile 
If x is 279, then x + 1 is 280. markers on I-90 in upstate New 


York is 627. (On I-90 in New York, 
the marker numbers increase 


; . from east to west.) Find the 
5. State. The mile markers are 279 and 280. U numbers on the markers. 


4. Check. Our possible answers are 279 and 280. These are consecutive 
positive integers and 279 + 280 = 559, so the answers check. 


Source: New York State Department of 


Do Exercise 3. Transportation 


' EXAMPLE 4 Copy Machine Rental. It costs the Drake law firm $225 per 
month plus 1.2¢ per copy to rent a copy machine. The firm needs to lease a 
machine for use during a special case that they anticipate will take 3 months. 
If they allot a budget of $1100, how many copies can they make? 


Copy Machine Rental 
$225 per month 
plus 1.2¢ per copy 


1. Familiarize. Suppose that the law firm makes 20,000 copies. Then the 
cost is given by monthly charges plus copy charges, or 


3($225) plus Costpercopy times Number of copies 


Answer 


$675 - $0.012 . 20,000, 
3. 313 and 314 
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4. Copy Machine Rental. The 
Drake law firm in Example 4 
decides to increase its budget to 
$1400 for the 3-month period. 
How many copies can they make 
for $1400? 


Answer 
4. 60,417 copies 


which is $915. We see that the firm can make more than 20,000 copies. 
This process familiarizes us with the way in which a calculation is made. 
Note that we convert 1.2¢ to $0.012 so that all information is in the same 
unit, dollars. Otherwise, we will not get the correct answer. 

We let c = the number of copies that can be made for the budget of 
$1100. 


. Translate. We reword the problem and translate as follows: 


Monthly cost plus Cost percopy times Number ofcopies is Budget 


a 2 es 


3($225) + $0.012 c = $1100. 


. Solve. We solve the equation: 


3(225) + 0.012c = 1100 
675 + 0.012c = 1100 


0.012c = 425 Subtracting 675 
0.012c 425 
See Dividi 012 
0.012 0.012 el i 
c © 35,417. Rounding to the nearest one 


. Check. We check in the original problem. The cost for 35,417 pages is 


35,417($0.012) = $425.004. The rental for 3 months is 3($225) = $675. 
The total cost is then $425.004 + $675 ~ $1100, which is the $1100 that 
was allotted. 


. State. The law firm can make 35,417 copies on the copy rental allot- 
) 


ment of $1100. 


Do Exercise 4. 


’ EXAMPLE 5. Perimeter of NBA Court. The perimeter of an NBA basket- 
ball court is 288 ft. The length is 44 ft longer than the width. Find the dimen- 
sions of the court. 

Source: National Basketball Association 


1. Familiarize. We first make a drawing. 


We let w = the width of the rectangle. Then w + 44 = the length. The 
perimeter P of a rectangle is the distance around the rectangle and is 
given by the formula 2] + 2w = P, where 


= thelength and w = the width. 
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2. Translate. To translate the problem, we substitute w + 44 for / and 288 


for P: 
7] / 
Sf de Died Caution! 
2(w + 44) + 2w = 288. [ Parentheses are 
; A necessary here. 
San 5. Perimeter of High School 
3. Solve. We solve the equation: 
i Basketball Court. The 
2(w + 44) + 2w = 288 perimeter of a standard high 
2-w+2-44 + 2w = 288 Using the distributive law school basketball court is 268 ft. 
The length is 34 ft longer than 
4w + 88 = 288 Collecting like terms the width. Find the dimensions 
4w + 88 — 88 = 288 — 88 Subtracting 88 of the court. 
_ Source: Indiana High School Athletic 
a 200 Association 
4 200 
= —— Dividing by 4 
w = 50. 


Thus possible dimensions are 
w=50ft and /=w+ 44= 50+ 44, or94ft. 


4. Check. Ifthe width is 50 ft and the length is 94 ft, then the 
perimeter is 2(50 ft) + 2(94 ft), or 288 ft. This checks. 


5. State. The width is 50 ft and the length is 94 ft. 


| Do Exercise 5. 


Caution! 


Always be sure to answer the original problem completely. For instance, in 
Example 2, we need to find two numbers: the distances from each end of the 
trail to the hiker. Similarly, in Example 3, we need to find two mile markers, 
and in Example 5, we need to find two dimensions, not just the width. 


' EXAMPLE 6 RoofGabile. Ina triangular gable end of a roof, the angle of 
the peak is twice as large as the angle of the back side of the house. The mea- 
sure of the angle on the front side is 20° greater than the angle on the back 
side. How large are the angles? 


«~ Peakangle 


1. Familiarize. We first make a drawing as shown above. We let 
measure of back angle = x. 


Then measure of peak angle = 2x 


Answer 
5. Length: 84 ft; width: 50 ft 


and measure offront angle = x + 20. 
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2. Translate. To translate, we need to know that the sum of the measures 
of the angles of a triangle is 180°. You might recall this fact from geometry 
or you can look it up in a geometry book or in the list of formulas inside 
the back cover of this book. We translate as follows: 


Measure of Measure of Measure of 
backangle plus peakangle plus frontangle is 180° 


x ' 2x ' ar 


(x + 20) = 180°. 
3. Solve. We solve the equation: 


x + 2x + (x + 20) = 180 


4x + 20 = 180 
Ax + 20 — 20 = 180 — 20 
4x = 160 
4x 160 
4) 4 
x = 40. 


Possible measures for the angles are as follows: 
Back angle: x = 40°; 
Peak angle: 2x = 2(40) = 80°; 
Frontangle: x + 20 = 40 + 20 = 60°. 


4. Check. Consider our answers: 40°, 80°, and 60°. The peak is twice the 
back and the front is 20° greater than the back. The sum is 180°. The an- 
gles check. 


5. State. The measures of the angles are 40°, 80°, and 60°. 


Caution! 


6. The second angle of a triangle is Units are important in answers. Remember to include them, where 
three times as large as the first. appropriate. 


The third angle measures 30° 
more than the first angle. Find 


the measures of the angles. Do Exercise 6. 


EXAMPLE 7 _ Fastest Roller Coasters. The average top speed of the three 
fastest steel roller coasters in the United States is 116 mph. The third-fastest 
roller coaster, Superman: The Escape (located at Six Flags Magic Mountain, 
Valencia, California), reaches a top speed of 28 mph less than the fastest roller 
coaster, Kingda Ka (located at Six Flags Great Adventure, Jackson, New Jersey). 
The second-fastest roller coaster, Top Thrill Dragster (located at Cedar Point, 
Sandusky, Ohio), has a top speed of 120 mph. What is the top speed of the 
fastest steel roller coaster? 

Source: Coaster Grotto 


Answer 
6. First: 30°; second: 90°; third: 60° 
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1. Familiarize. The average of a set of numbers is the sum of the numbers 
divided by the number of addends. 
We are given that the second-fastest speed is 120 mph. Suppose the 
three top speeds are 131, 120, and 103. The average is then 
1314+ 120+ 103 354 


= = 118, 
3 3 


which is too high. Instead of continuing to guess, let’s use the equation- 
solving skills we have learned in this chapter. We let x represent the top 
speed of the fastest roller coaster. Then x — 28 is the top speed of the 
third-fastest roller coaster. 


2. Translate. We reword the problem and translate as follows: 


Speed of Speed of Speed of 
fastest + second- + third-fastest 
Average speed 
coaster __ fastest coaster coaster 
humberetall = of three fastest 
umber of roller coasters wolleveoatars 
x + 120 + (x — 28) 
= 116. 
3 
3. Solve. We solve as follows: 
x + 120 + (x — 28) 
= 116 
3 
x + 120 + (x — 28) Multiplying by 3 on both sides to 
ae = 3-116 : 
3 clear the fraction 
x + 120 + (x — 28) = 348 
2x + 92 = 348 Collecting like terms 
2x = 256 Subtracting 92 
x = 128. Dividing by 2 


4. Check. Ifthe top speed of the fastest roller coaster is 128 mph, then the 
top speed of the third-fastest is 128 — 28, or 100 mph. The average of the 
top speeds of the three fastest is 

128+ 120+ 100 348 


= =11 h. 
3 3 6 mp 


The answer checks. 


5. State. The top speed of the fastest steel roller coaster in the United 
States is 128 mph. } 


Do Exercise 7. 


7. Average Test Score. Sam's aver- 
age score on his first three math 
tests is 77. He scored 62 on the 
first test. On the third test, he 
scored 9 more than he scored on 
his second test. What did he 
score on the second and third 
tests? 


Answer 
7. Second: 80; third: 89 
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| EXAMPLE 8 Simple Interest. An investment is made at 3% simple interest 
for 1 year. It grows to $746.75. How much was originally invested (the principal)? 


1. Familiarize. Suppose that $100 was invested. Recalling the formula for 
simple interest, J = Prt, we know that the interest for 1 year on $100 at 
3% simple interest is given by J = $100 - 0.03 - 1 = $3. Then, at the end 
of the year, the amount in the account is found by adding the principal 
and the interest: 


Principal + Interest = Amount 
$100 + $3 = $103. 


In this problem, we are working backward. We are trying to find the prin- 
cipal, which is the original investment. We let x = the principal. Then the 
interest earned is 3%x. 


2. Translate. We reword the problem and then translate: 


Principal + Interest = Amount 


x + 3%x = 746.75. Interest is 3% of the 
principal. 


3. Solve. We solve the equation: 
x + 3%x = 746.75 
x + 0.03x = 746.75 Converting to decimal notation 
1x + 0.03x = 746.75 Identity property of 1 
(1 + 0.03)x = 746.75 
1.03x = 746.75 Collecting like terms 


1.03x 746.75 
= Dividing by 1.03 
1.03 1.03 eee 
8. Simple Interest. An investment = 

: , : x = 725. 
is made at 7% simple interest for 
1 year. It grows to $8988. How 4. Check. We check by taking 3% of $725 and adding it to $725: 
much was originally invested 
(the principal)? 3% X $725 = 0.03 X 725 = $21.75. 


Then $725 + $21.75 = $746.75, so $725 checks. 
5. State. The original investment was $725. ) 


Do Exercise 8. 


' EXAMPLE 9 Selling a Home. The Landers are planning to sell their 
home. If they want to be left with $117,500 after paying 6% of the selling price 
to arealtor as a commission, for how much must they sell the house? 


1. Familiarize. Suppose the Landers sell the house for $120,000. A 6% 
commission can be determined by finding 6% of $120,000: 


6% of $120,000 = 0.06( $120,000) = $7200. 
Subtracting this commission from $120,000 would leave the Landers with 
$120,000 — $7200 = $112,800. 


This shows that in order for the Landers to clear $117,500, the house 
must sell for more than $120,000. Our guess shows us how to translate to 
an equation. We let x = the selling price, in dollars. With a 6% commis- 
sion, the realtor would receive 0.06x. 


Answer 
8. $8400 
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2. Translate. We reword the problem and translate as follows: 


Selling price less Commission is Amount remaining. 
x = 0.06x = 


3. Solve. We solve the equation: 


x — 0.06x = 117,500 
1x — 0.06x = 117,500 
(1 — 0.06)x = 117,500 


0.94x = 117,500 Collecting like terms. Had we noted that after 
the commission has been paid, 94% remains, 
we could have begun with this equation. 


117,500. 


0.94x 117500... 
ae: 94 
0.94 0.94 oe 


x = 125,000. 


4. Check. To check, we first find 6% of $125,000: 
6% of $125,000 = 0.06($125,000) = $7500. —‘ This is the commission. 
Next, we subtract the commission to find the remaining amount: 
$125,000 — $7500 = $117,500. 


Since, after the commission, the Landers are left with $117,500, our an- 
swer checks. Note that the $125,000 selling price is greater than $120,000, 


as predicted in the Familiarize step. Genrcenewre Salem ilenecoae 


5. State. To be left with $117,500, the Landers must sell the house for a suit was decreased to a sale 
$125,000. ] price of $526.40. This was a 20% 
reduction. What was the former 


Do Exercise 9. price? 


Caution! 


The problem in Example 9 is easy to solve with algebra. Without algebra, it 
is not. Acommon error in such a problem is to take 6% of the price after 
commission and then subtract or add. Note that 6% of the selling price 

(6% - $125,000 = $7500) is not equal to 6% of the amount that the Landers 
want to be left with (6% - $117,500 = $7050). 


PROBLEM-SOLVING TIPS 2. When translating in mathematics, consider the dimen- 
sions of the variables and the constants in the equ- 
ation. The variables that represent length should all be 


in the same unit, those that represent money should all 
1. Look for patterns when solving problems. Each time be in dollars or all in cents, and so on. 


you study an example in a text, you may observe a 
pattern for problems that you will encounter later in 
the exercise sets or in other practical situations. 


The more problems you solve, the more your skills will 
improve. 


3. Make sure that units appear in the answer whenever 
appropriate and that you have completely answered 
the original problem. 


Answer 
9. $658 
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1. Angle Measures. 


The measure of 
the second angle of a triangle is 
51° more than that of the first 
angle. The measure of the third 
angle is 3° less than twice the 
first angle. Find the measures of 
the angles. 


. Sales Tax. Tina paid $3976 fora 
used car. This amount included 
5% for sales tax. How much did 
the car cost before tax? 


. Perimeter. The perimeter of a 
rectangle is 2347 ft. The length is 
28 ft greater than the width. Find 
the length and the width. 


. Fraternity or Sorority Member- 
ship. At Arches Tech University, 
3976 students belong to a frater- 
nity or a sorority. This is 35% of 
the total enrollment. What is 

the total enrollment at Arches 
Tech? 


. Fraternity or Sorority Member- 
ship. At Moab Tech University, 
thirty-five percent of the 
students belong to a fraternity or 
a sorority. The total enrollment 
of the university is 11,360 
students. How many students 
belong to either a fraternity or a 
sorority? 


Translating 
for Success 


The goal of these matching questions 

is to practice step (2), Translate, of the 
five-step problem-solving process. 
Translate each word problem to an 
equation and select a correct translation 
from equations A-O. 


4 
A. x + (x — 3) + 7x = 384 


. x + (x + 51) + (2x — 3) = 180 
. x + (x + 96) = 180 
. 2:96 + 2x = 3976 
x +(x +1) + (x + 2) = 384 
3976 = x - 11,360 
. 2x + 2(x + 28) = 2347 
. 3976 = x + 5%X 
x + (x + 28) = 2347 
x = 35% - 11,360 


. x + 96 = 3976 


4 
. Meee A) se k= S84 


2X + (x + 2) + (x + 4) = 384 
- 35% + x = 3976 
. 2x + (x + 28) = 2347 


Answers on page A-15 


6. Island Population. There are 


10. 


. Locker Numbers. 


180 thousand people living on 
a small Caribbean island. The 
women outnumber the men by 
96 thousand. How many men 
live on the island? 


. Wire Cutting. A384-m wire is 


cut into three pieces. The second 
piece is 3 m longer than the first. 
The third is four-fifths as long as 
the first. How long is each 

piece? 


The numbers 
on three adjoining lockers are 
consecutive integers whose sum 
is 384. Find the integers. 


. Fraternity or Sorority Member- 


ship. The total enrollment at 
Canyonlands Tech University is 
11,360 students. Of these, 3976 
students belong to a fraternity 
or a sorority. What percent of the 
students belong to a fraternity 
or a sorority? 


Width of a Rectangle. The 
length of a rectangle is 96 ft. The 
perimeter of the rectangle is 
3976 ft. Find the width. 


For Extra Help 


8.6 BSG ames  myuathal “ FS 


PRACTICE WATCH DOWNLOAD READ REVIEW. 


(a) Solve. Although you might find the answer quickly in some other way, practice using the five-step problem-solving strategy. 


1. Manatee Population. The manatee, Florida’s state ma- 2. Mass Transit Boom. Americans took 2.8 billion rides 
rine mammal, is an endangered species. An aerial winter- on public transit from April through June in 2008. This 
time manatee census counted 2817 of these animals in was the highest ridership for that period in 50 yr and 
2007. This was 296 fewer than the number counted in represented an increase of 0.7 billion rides over the same 
2006. What was Florida’s manatee population in 2006? period in 1998. How many rides were taken from April 
Source: Florida Fish and Wildlife Conservation Commission through June in 1998? 


Source: American Public Transportation Association 


3. Pipe Cutting. A240-in. pipe is cut into two pieces. One 4. Board Cutting. A72-in. board is cut into two pieces. 
piece is three times the length of the other. Find the One piece is 2 in. longer than the other. Find the lengths 
lengths of the pieces. of the pieces. 


5. Cost of Movie Tickets. The average cost of movie tickets 6. Area of Lake Ontario. The area of Lake Superior is 
for a family of four was $28.32 in 2008. This was $11.76 about four times the area of Lake Ontario. The area of 
more than the cost in 1993. What was the average cost of Lake Superior is 30,172 mi”. What is the area of Lake 
movie tickets for a family of four in 1993? (These prices Ontario? 


include senior discounts and children’s prices.) 
Source: Motion Picture Association of America 
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7. Iditarod Race. The Iditarod sled dog race in Alaska 
extends for 1049 mi from Anchorage to Nome. If a musher 
is twice as far from Anchorage as from Nome, how many 
miles of the race has the musher completed? 

Source: Iditarod Trail Commission 


9. Consecutive Apartment Numbers. The apartments in 
Vincent's apartment house are numbered consecutively 
on each floor. The sum of his number and his next-door 
neighbor’s number is 2409. What are the two numbers? 


11. Consecutive Ticket Numbers. The numbers on Sam's 
three raffle tickets are consecutive integers. The sum of 
the numbers is 126. What are the numbers? 


13. Consecutive Odd Integers. The sum of three consecutive 
odd integers is 189. What are the integers? 


15. Standard Billboard Sign. A standard rectangular high- 
way billboard sign has a perimeter of 124 ft. The length 
is 6 ft more than three times the width. Find the dimen- 
sions of the sign. 
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8. Statue of Liberty. The height of the Eiffel Tower is 
974 ft, which is about 669 ft higher than the Statue of 
Liberty. What is the height of the Statue of Liberty? 


K 


974 ft 


10. Consecutive Post Office Box Numbers. The sum of the 
numbers on two consecutive post office boxes is 547. 
What are the numbers? 


12. Consecutive Ages. The ages of Whitney, Wesley, and 
Wanda are consecutive integers. The sum of their ages is 
108. What are their ages? 


14. Consecutive Integers. Three consecutive integers are 
such that the first plus one-half the second plus seven 
less than twice the third is 2101. What are the integers? 


16. Two-by-Four. The perimeter of a cross section or end of 


a “two-by-four” piece of lumber is 10 in. The length is 2 in. 


more than the width. Find the actual dimensions of the 
cross section of a two-by-four. 
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17. 


19. 


21. 


23. 


25. 


Price of Walking Shoes. Amy paid $63.75 for a pair of 
walking shoes during a 15%-off sale. What was the 
regular price? 


Price of a Jacket. Evelyn paid $89.25, including 5% tax, 
for a jacket. How much did the jacket itself cost? 


Parking Costs. A hospital parking lot charges $1.50 for 
the first hour or part thereof, and $1.00 for each additional 
hour or part thereof. A weekly pass costs $27.00 and allows 
unlimited parking for 7 days. Suppose that each visit Ed 
makes to the hospital lasts 1} hr. What is the minimum 
number of times that Ed would have to visit per week to 
make it worthwhile for him to buy the pass? 


; G 
mp rTAL PARK 
= ha 

ditional hour 
taeelly pas: $27.0 


IN 
61.00 
0 


Triangular Field. The second angle of a triangular 
field is three times as large as the first angle. The third 
angle is 40° greater than the first angle. How large are the 
angles? 


Triangular Backyard. A home has a triangular 
backyard. The second angle of the triangle is 5° more 
than the first angle. The third angle is 10° more than 
three times the first angle. Find the angles of the 
triangular yard. 


18. 


20. 


22. 


24. 


26. 


Price of aCD Player. Doug paid $72 for a shockproof 
portable CD player during a 20%-off sale. What was the 
regular price? 


Price of a Printer. Jake paid $100.70, including 6% tax, 
for a color printer. How much did the printer itself 
cost? 


Van Rental. Value Rent-A-Car rents vans at a daily rate 
of $84.45 plus 55¢ per mile. Molly rents a van to deliver 
electrical parts to her customers. She is allotted a daily 
budget of $250. How many miles can she drive for $250? 
(Hint: 60¢ = $0.60.) 


Triangular Parking Lot. The second angle ofa 
triangular parking lot is four times as large as the first 
angle. The third angle is 45° less than the sum of the 
other two angles. How large are the angles? 


Boarding Stable. Arancher needs to form a triangular 
horse pen using ropes next to a stable. The second 
angle is three times the first angle. The third angle is 

15° less than the first angle. Find the angles of the 
triangular pen. 
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27. Stock Prices. Sarah’s investment in a technology stock 


grew 28% to $448. How much did she invest? 


29. Credit Cards. The balance on Will’s credit card grew 


2%, to $870, in one month. What was his balance at the 
beginning of the month? 


31. Taxi Fares. In Beniford, taxis charge $3 plus 75¢ per 
mile for an airport pickup. How far from the airport can 
Courtney travel for $12? 


33. Tipping. Leon left a 15% tip for a meal. The total cost 


of the meal, including the tip, was $41.40. What was the 
cost of the meal before the tip was added? 


35. Average Price. Tom paid an average of $34 per tie fora 


recent purchase of three ties. The price of one tie was 
twice as much as another, and the remaining tie cost 
$27. What were the prices of the other two ties? 
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28. Savings Interest. Sharon invested money in a savings 


account at a rate of 6% simple interest. After 1 year, she 
has $6996 in the account. How much did Sharon 
originally invest? 


30. Loan Interest. Alvin borrowed money from a cousin at 


arate of 10% simple interest. After 1 year, $7194 paid off 
the loan. How much did Alvin borrow? 


32. Taxi Fares. In Cranston, taxis charge $4 plus 90¢ per 


mile for an airport pickup. How far from the airport can 
Ralph travel for $17.50? 


34. Tipping. Selena left an 18% tip for a meal. The total 


cost of the meal, including the tip, was $40.71. What was 
the cost of the meal before the tip was added? 


36. Average Test Score. Jaci averaged 84 on her first three 


history exams. The first score was 67. The second score 
was 7 less than the third score. What did she score on the 
second and third exams? 
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37. If you double a number and then add 16, you get 5 of the 


original number. What is the original number? 


Skill Maintenance 


Calculate. 
3 3 
camel Soak beeen, Rome apt et + Sats 
39 8 [7.4a] 40 8 [7.3a] 
3 1 1 
42-7 +5 (7.6cl t= (-1 


45. —25.6(-16) [7.5al 


47. —25.6 + (-16) [7.3al 


Synthesis 


49. Apples are collected in a basket for six people. One-third, 
one-fourth, one-eighth, and one-fifth are given to four 
people, respectively. The fifth person gets ten apples, 
leaving one apple for the sixth person. Find the original 
number of apples in the basket. 


51. The area of this triangle is 2.9047 in*. Find x. 


| 4 in. | 


38. If you double a number and then add 85, you get 3 of the 
original number. What is the original number? 


44, —25.6 + (-16) [7.6cl 


46. —25.6 — (-16) [7.4a] 


48. (—0.02) + (—0.2) [7.6c] 


50. Test Questions. Astudent scored 78 on a test that had 
4 seven-point fill-ins and 24 three-point multiple-choice 
questions. The student answered one fill-in incorrectly. 
How many multiple-choice questions did the student 
answer correctly? 


52. Susanne goes to the bank to get $20 in quarters, dimes, 
and nickels to use to make change at her yard sale. 
She gets twice as many quarters as dimes and 10 more 
nickels than dimes. How many of each type of coin does 
she get? 


53. In Connerville, a sales tax of 9% was added to the price of gasoline as registered on the pump. Suppose a driver asked 
for $10 worth of gas. The attendant filled the tank until the pump read $9.10 and charged the driver $10. Something 


was wrong. Use algebra to correct the error. 
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SKILL TO REVIEW 

Objective 7.2d: Determine whether 
an inequality like —3 = 5 is true or 
false. 


Write true or false. 
1.-6 = -8 


Determine whether each number is 


a solution of the inequality. 
il, eS 3 
a2 b) 0 
©) =5 d) 15.4 
2 
e) 3 f) “5 
Zee —0) 
a) 6 b) 0 
c) —4.3 d) 25 
5 
e) —6 f) 3 
Answers 


Skill to Review: 
1. False 2. True 


Margin Exercises: 
1. (a) No; (b) no; (c) no; (d) yes; (e) no; (f) no 
2. (a) Yes; (b) yes; (c) yes; (d) no; (e) yes; (f) yes 


We now extend our equation-solving principles to the solving of inequalities. 


(a) Solutions of Inequalities 


In Section 7.2, we defined the symbols > (is greater than), < (is less than), = 
(is greater than or equal to), and < (is less than or equal to). 

An inequality is a number sentence with >, <, =, or = as its verb—for 
example, 


—-4>t, x < 3, 2x+520, and -3y+75 -8. 


Some replacements for a variable in an inequality make it true and some 
make it false. (There are some exceptions to this statement, but we will not 
consider them here.) 


SOLUTION 


A replacement that makes an inequality true is called a solution. The 


set of all solutions is called the solution set. When we have found the 
set of all solutions of an inequality, we say that we have solved the 
inequality. 


! EXAMPLES Determine whether each number is a solution of x < 2. 


1. —2.7 Since —2.7 < 2 is true, —2.7 is a solution. 
2. 2 Since 2 < 2 is false, 2 is not a solution. \ 


| EXAMPLES Determine whether each number is a solution of y = 6. 


3. 6 Since 6 = 6 is true, 6 is a solution. 


4, —} Since —4 = 6 is false, —$ is nota solution. ) 


Do Margin Exercises 1 and 2. J 
(b) Graphs of Inequalities 


Some solutions of x < 2 are —3,0, 1, 0.45, —8.9, —77, 2, and so on. In fact, 
there are infinitely many real numbers that are solutions. Because we cannot 
list them all individually, it is helpful to make a drawing that represents all the 
solutions. 

A graph of an inequality is a drawing that represents its solutions. An in- 
equality in one variable can be graphed on the number line. An inequality in 
two variables can be graphed on the coordinate plane. We will study such 
graphs in Chapter 9. 
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EXAMPLE 5 Graph: x < 2. 


The solutions of x < 2 are all those numbers less than 2. They are shown 
on the number line by shading all points to the left of 2. The open circle at 
2 indicates that 2 is not part of the graph. 


-4-3-2-1 0 1 2 3 4 5 


EXAMPLE 6 Graph: x = —3. 


The solutions of x = —3 are shown on the number line by shading the 
point for —3 and all points to the right of —3. The closed circle at —3 indicates 
that —3 is part of the graph. 


-4-3-2-1 012 3 4 5 


EXAMPLE 7 Graph: —-3 = x < 2. 


The inequality —3 = x < 2 is read “—3 is less than or equal to x and x is 
less than 2,” or “x is greater than or equal to —3 and x is less than 2.” In order 
to be a solution of this inequality, a number must be a solution of both 
—3 = xandx < 2. The number 1 is a solution, as are —1.7, 0, 1.5, and 2. We 
can see from the graphs below that the solution set consists of the numbers 
that overlap in the two solution sets in Examples 5 and 6. 


The open circle at 2 means that 2 is not part of the graph. The closed cir- 
cle at —3 means that —3 is part of the graph. The other solutions are shaded. 
] 


Do Exercises 3-5. 


Cc) Solving Inequalities Using the 

Addition Principle 
Consider the true inequality 3 < 7. If we add 2 on both sides, we get another 
true inequality: 

34+2<7+2, or 5<49. 


Similarly, if we add —4 on both sides of x + 4 < 10, we get an equivalent 
inequality: 

x+4+4 (—4) < 10+ (—a), 
or x <6. 
To say that x + 4 < 10 and x < 6 are equivalent is to say that they have the 
same solution set. For example, the number 3 is a solution of x + 4 < 10. Itis 
also a solution of x < 6. The number —2 is a solution of x < 6. It is also a 


solution of x + 4 < 10. Any solution of one inequality is a solution of the 
other—they are equivalent. 


Answers 
3. x=<4 
TLE LL RESIN Se 
0 4 
4 x>-2 
a 
-2 0 
5 —-2<x<4 
pe 
3 0 4 
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USING THE SUPPLEMENTS 


The new mathematical skills and 
concepts presented in lectures 
will be of increased value to you if 
you begin the homework assign- 
ment as soon as possible after 

the lecture. Then if you still have 
difficulty with any of the exercises, 
you have time to access supple- 
mentary resources such as the 
Student’s Solutions Manual. 
Please see the Preface for more 
information on this and other 
supplements. 


THE ADDITION PRINCIPLE FOR INEQUALITIES 


For any real numbers a, b, and c: 


a<b isequivalentto a+c<b+t+c; 


a>b isequivalentto a+c>b+c; 


a=b isequivalentto a+c=b+c; 


a=b isequivalentto a+c=b+te. 


In other words, when we add or subtract the same number on both 
sides of an inequality, the direction of the inequality symbol is not 
changed. 


As with equation solving, when solving inequalities, our goal is to isolate 
the variable on one side. Then it is easier to determine the solution set. 


EXAMPLE 8 Solve: x + 2 > 8. Then graph. 
We use the addition principle, subtracting 2 on both sides: 
LP 222 oS 2 
x > 6. 
From the inequality x > 6, we can determine the solutions directly. Any num- 
ber greater than 6 makes the last sentence true and is a solution of that sen- 


tence. Any such number is also a solution of the original sentence. Thus the 
inequality is solved. The graph is as follows: 


<———— "4 


We cannot check all the solutions of an inequality by substitution, as we 
usually can for an equation, because there are too many of them. A partial 
check can be done by substituting a number greater than 6—say, 7—into the 
original inequality: 


x+2>8 
7+228 
9 | TRUE 


Since 9 > 8 is true, 7 is a solution. This is a partial check that any number 
greater than 6 is a solution. J 


EXAMPLE 9 Solve: 3x + 1 = 2x — 3. Then graph. 
We have 


3x +15 2x- 3 


Siete Pe 2 3 Subtracting 1 


3x = 2x - 4 Simplifying 
34 28S 24 4 28 Subtracting 2x 
x= -4, Simplifying 


Any number less than or equal to —4 is a solution. The graph is as follows: 


630 CHAPTER 8 __ Solving Equations and Inequalities 


In Example 9, any number less than or equal to —4 is a solution. The fol- 
lowing are some solutions: 


4, 5, 6, =, 204.5, and —1877. 


Besides drawing a graph, we can also describe all the solutions of an inequal- 
ity using set notation. We could just begin to list them in a set using roster no- 
tation (see p. 493), as follows: 


13 
{ 4, —5, —6, 3° 204.5, 187,... 


We can never list them all this way, however. Seeing this set without knowing 


Solve. Then graph. 


the inequality makes it difficult for us to know what real numbers we are con- 6.x+3>5 
sidering. There is, however, another kind of notation that we can use. It is a ae ne nO 
= as) a ee eG 
{x|x = -4}, 
which is read to B= se 
; =A <p  HH 
The set of all x such that x is less than or equal to —4. Te ee ie eee ere ee 
This shorter notation for sets is called set-builder notation. 
From now on, we will use this notation when solving inequalities. 8. 5x + 1<4x—2 
<4 
| Do Exercises 6-8. ee ee 
EXAMPLE 10 Solve: x + ; > 3. 
We have 
x+5>3 
x+5—-3>3-4 Subtracting } 
x >3-3—43-4 Multiplying by 1 to obtain 
a common denominator 
15 4 
ag ip 
x>i. 
Any number greater than i is a solution. The solution set is 
uu 
{al = a}, 
which is read 
“The set of all x such that x is greater than {3.” 
Solve. 
When solving inequalities, you may obtain an answer like 13 < x. Recall 5 yee 
from Chapter 7 that this has the same meaning as x > +3. Thus the solution ars 


set in Example 10 can be described as {x < x} or as {x|x > uh. The latter 
is used most often. 


Do Exercises 9 and 10. 


10. 5y+2s5—1+ 4y 


— Answers 
(d) Solving Inequalities Using the 6. {xl > 2h 

~ Multiplication Principle ieee © 
There is a multiplication principle for inequalities that is similar to that for & ec e 


equations, but it must be modified. When we are multiplying on both sides by epee yy 


a negative number, the direction of the inequality symbol must be changed. 
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Consider the true inequality 3 < 7. If we multiply on both sides by a 
positive number, like 2, we get another true inequality: 


3°2<7:-2, or 6< 14. True 


If we multiply on both sides by a negative number, like —2, and we do not 
change the direction of the inequality symbol, we get a false inequality: 


3+-(-2)<7-(-2), or -6< —14. False 


The fact that 6 < 14 is true but —6 < —14 is false stems from the fact that the 
negative numbers, in a sense, mirror the positive numbers. That is, whereas 
14 is to the right of 6 on the number line, the number — 14 is to the left of —6. 
Thus, if we reverse (change the direction of) the inequality symbol, we get a 
true inequality: —6 > —14. 


THE MULTIPLICATION PRINCIPLE FOR INEQUALITIES 


For any real numbers a and J, and any positive number c: 
a<b isequivalentto ac < bc; 
a>b _ isequivalentto ac > be. 

For any real numbers a and J, and any negative number c: 
a<b_ isequivalentto ac > bc; 
a>b_ isequivalentto ac < be. 


Similar statements hold for = and =. 

In other words, when we multiply or divide by a positive number on 
both sides of an inequality, the direction of the inequality symbol stays 
the same. When we multiply or divide by a negative number on both 
sides of an inequality, the direction of the inequality symbol is reversed. 


_ EXAMPLE 11 Solve: 4x < 28. Then graph. 


We have 
Solve. Then graph. r 5 
<= 
11. 8x < 64 aan 
4x 2 
SSL GL GL Le <3 Drading by? 


The symbol stays the same. 


12. 5y = 160 x< 7. Simplifying 


(aaa ae 
T y t 
—80 —60 —40 —20 


Te ee 
20 40 


i 60. 80 The solution set is {x|x < 7}. The graph is as follows: 


a 


-4-3-2-1 0 12 3 45 67 8 
Answers 


Ll. {x|x < 8}; Do Exercises 11 and 12. 


OH 
0 8 


12. {yly = 32}; 
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| EXAMPLE 12 Solve: —2y < 18. Then graph. 
—2y < 18 


-2 
mia Serre 


= = Dividing by —2 


The symbol must be reversed! 
y> -9. Simplifying 
The solution set is {y|y > —9}. The graph is as follows: 


Solve. 
-10-9 -8 -7 -6 -5 -4 -3 -2 -1 0 12 3 4 5 67 8 ) 13. —4x = 24 
[Do Exercises 13 and 14. 14. —5y > 13 
(@) Using the Principles Together 
All of the equation-solving techniques used in Sections 8.1—8.3 can be used 
with inequalities, provided we remember to reverse the inequality symbol 
when multiplying or dividing on both sides by a negative number. 
| EXAMPLE 13 Solve: 6 — 5x > 7. 
6-5x>7 
6+6-5x>-6+7 Adding —6. The symbol stays the same. 
—5x > 1 Simplifying 
= 1 
= < <5 Dividing by —5 
The symbol must be reversed because we 
are dividing by a negative number, —5. 
es -% Simplifying 
The solution set is {x|x < —}}. ) 
Do Exercise 15. 15. Solve: 7 — 4x < 8. 


| EXAMPLE 14 Solve: 17 — 5y > 8y — 9. 
=17 +17 —-5y >—17 + 8y— 9 Adding —17. The symbol 


stays the same. 
—5y > 8y — 26 Simplifying 
—8y — 5y > —8y + By — 26 Adding —8y 
—13y > —26 Simplifying 
—13 —26 
= = Dividing by 15 
16. Solve. Begin by subtracting 24 on 
The symbol must be Inotin Sidlea. 
reversed because we are 
dividing by a negative Bos (ys le 
number, —13. 
y<2 
A 
The solution set is {y|y < 2}. i poo 3 
13. {x|x=-6} 14. {oly < -2\ 
Do Exercise 16. 
15. {atx > -1} 16. {oly = I 
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Typically, we solve an equation or an inequality by isolating the variable 
on the left side. When we are solving an inequality, however, there are situa- 
tions in which isolating the variable on the right side will eliminate the need 
to reverse the inequality symbol. Let’s solve the inequality in Example 14 
again, but this time we will isolate the variable on the right side. 


_ EXAMPLE 15 Solve: 17 — 5y > 8y — 9. 


Note that if we add 5y on both sides, the coefficient of the y-term will be 
positive after like terms have been collected. 


17 — 5y + 5y > By — 9 + 5y Adding 5y 
17> 13y -— 9 Simplifying 
17 #9 > I3y-—9 49 Adding 9 

26 > 13y Simplifying 

26 13y Dividing by 13. We leave the inequality 

ie a 1 symbol the same because we are 

dividing by a positive number. 
2>y 

17. Solve. Begin by adding 7y on The solution set is {y|2 > y}, or {y|y < 2}. ) 


both sides. 
2A iy) ally 


Do Exercise 17. 


) EXAMPLE 16 Solve: 3(x — 2) — 1 <2 -— 5(x+ 6). 

First, we use the distributive law to remove parentheses. Next, we collect 
like terms and then use the addition and multiplication principles for in- 
equalities to get an equivalent inequality with x alone on one side. 

3(x — 2) -1<2-5(x + 6) 
3x =—- 6=— 1<2 = 5x = 30 


Using the distributive law to multiply 
and remove parentheses 


3x = 7 < —5x — 28 
3x + 5x < -284+7 


Collecting like terms 


Adding 5x and 7 to get all x-terms on 
one side and all other terms on the 


other side 
8x < —21 Simplifying 
—21 21 
x< , OF —— Dividing by 8 
8 8 
The solution set is {x|x < — 3. ) 


18. Solve: 
RAG se 29) S BO se Wee = I), 


Do Exercise 18. 


Answers 


17. {ly = a} 18. {x|x = —2} 
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EXAMPLE 17 Solve: 16.3 — 7.2p = —8.18. 


The greatest number of decimal places in any one number is two. 
Multiplying by 100, which has two 0’s, will clear decimals. Then we proceed 


as before. 
16.3 — 7.2p = —8.18 
100(16.3 — 7.2p) = 100(—8.18) Multiplying by 100 
100(16.3) — 100(7.2p) = 100(—8.18) Using the distributive law 
1630 — 720p = —818 Simplifying 
1630 — 720p — 1630 = —818 — 1630 Subtracting 1630 
—720p = —2448 Simplifying 
—720p  —2448 
= Dividi = 720 
=720 % —720 nner 
| The symbol must be 
reversed. 
p 234 
The solution set is {p|p = 3.4}. ) 
19. Solve: 
Do Exercise 19. Dellge tk ABD 32 11D — Byles. 
2 1 1 7 
EXAMPLE 1 lve: + > + 2x. 
8 Solve 3 F a - % 


The number 6 is the least common multiple of all the denominators. 
Thus we first multiply by 6 on both sides to clear the fractions. 


.. Le eae 

an or ae 

2 1 1 

=x -—+-—x)])>6/—+4+ 2 

o( Sx 6 +x) (2 x) 
2 1 7 

. . +6- >6-—+6-2 
6 3% 6 6 a* 6 6 6+ 2x 


4x —1+3x>7+4 12x 
7x -1>7+4+ 12x 
TH = 1. = eS 7 +e 12S 


—-1>7+ 5x 
=J=7F7>7+5*%x=—7 

—8 > 5x 

—8 5x 

—_ > — 

5 5 


8 
-=>x 
5 


The solution set is {x|-8 > x}, or {xx < 8}. 


Multiplying by 6 on both 
sides 


Using the distributive law 
Simplifying 
Collecting like terms 


Subtracting 7x. The 
coefficient of the x-term 
will be positive. 


Simplifying 
Subtracting 7 
Simplifying 
Dividing by 5 
20. Solve: 
} ae owls 
4° 8 2S 
Do Exercise 20. 
Answers 


8 
19. {x|x=-4} 20. {xls > 5} 
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For Extra Help —= 
es PP 
vi EG = B 
MyMathLab Ree WATCH DOWNLOAD READ REVIEW 


(a) Determine whether each number is a solution of the given inequality. 


lx > -4 2x55 3. x = 6.8 4.x<8 
a) 4 a) 0 a) —6 a) 8 
b) 0 b) 5 b) 0 b) —10 
c) —4 c) -l c) 6 c) 0 
d) 6 d) -5 d) 8 d) 11 
e) 5.6 1 _ 1 e) —4.7 

e) IF e) 35 


(b) Graph on the number line. 


5.x >4 6.x <0 
SSS oo SS oo 
=§ =4 =3:=2 -l. Q -2:-°2 3 4 5 -5 -4-3-2-1 0123 4 5 
7.t< -3 8 y>5 
| <1 1 1117 ++ 44 
=§ -4 -3°-2-1 0 1 2 3 4 5 -5 -4-3-2-1 012 3 4 5 
9.m=-l 10. x = -2 
| | | | | | | | | | i i i i i i i i | 
T T T T T T T T T T T T T T T if T T T if T T 
-5 -4 -3 -2-1 012 3 4 5 -5 -4-3-2-1 0123 4 5 
1l.-3<x54 12;]5 3 42 
++ +++ ++ > ea ee ceed ga ae ee ae a ae 
=§9 <4 -3.-2 -—l 0 1} 2°3 42 5 -5 -4-3-2-1 0123 4 5 
13.0<x<3 14.-5s5x=<0 
| | | | | | | | | | | i | i i i i i i i | 
T T T T T T T T T T T T T r T T T if T T T T 
-5 -4 -3 —-2-1 0123 4 5 -5 -4-3-2-1 012 3 4 5 


15.x%4+7>2 16.x+5>2 
3 
t—+—+—_}—_}+—}—_}+—_ + —_}+—_ ++ ec See een a en a | a 
-5 -4-3-2-1 012 3 4 5 -5 -4-3-2-1 0123 4 5 g 
=] 
v7 
w 
5 
17.x+8z=-10 18x+8<=-ll1 g 
a 
f t f t { t f t f t t t t t t t t t s 
-40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40 5 
= 
& 
Qa 
lo} 
1S) 
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Solve using the addition principle. 


19. y-7>-12 20.y-9>-15 21.2x+3>x4+5 22.2x+4>x+7 
23. 3x +9=2x+6 24. 3x + 18 <= 2x + 16 25. 5x -6<4x-2 26. 9x — 8 < 8x —- 9 
27.-9+t>5 28. -8 + p> 10 29 er See 
; P ae ae seal ane’ 
Hi 1 1 1 
31.x-=->-— 32.x+->= 
3. «4 8 2 


\ d ' Solve using the multiplication principle. Then graph. 


33. 5x < 35 34. 8x = 32 


cot 
| 
a 
| 
» 
| 
w 
| 
ht 
I 
= 
Co 
Be 
to 
w 
cS 
oa 


| \ 
T T 
4 6 


ot 


| | 
T T 
-4 -2 


35. —12x > —36 36. —16x > —64 


Solve using the multiplication principle. 


37. Sy = -2 38. 3x < —4 39. —2x = 12 40. —3x = 15 

4l. —4y = -16 42. —7x < —21 43. -—3x < -17 44, —S5y > —23 
1 1 6 7 

45. -2y > = 46. —4x = — 47. —~ = —4x 48. —— > 63x 
7 9 5 9 
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49. 


52. 


55. 


58. 


61. 


64. 


67. 


70. 


73. 


76. 


Solve using the addition principle and the multiplication principle. 


4+ 3x < 28 50. 
5y-9<21 53. 
30 > 3 — 9x 56. 
15x +5- 14x =9 59. 
6—4y>4-3y 62. 
6 — 18x = 4 — 12x — 5x 65. 
0.9x + 19.3 > 5.3 — 2.6x 68. 
ee 71. 
3. 6 15 

3(2y — 3) < 27 74. 
3(5 + 3m) — 8 = 88 77. 


34+ 4y < 35 


13x — 7 < —46 


48 > 13 —7y 


—-3 < 8x+7- 7x 


9-8y>5-7y+2 


19 — 7y — 3y < 39 


0.96y — 0.79 < 0.21y + 0.46 


+ 
IA 
om|Nh 


4(2y — 3) > 28 


8(2t + 1) > 4(7t + 7) 
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51. 


54. 


57. 


60. 


63. 


66. 


69. 


72. 


75. 


78. 


3x-5=13 
8y — 6 < —54 
4x+2-3x=9 


—-8<9x+8- 8x-3 


5 — 9y = 2 - By 


18 — 6y — 4y < 63 + Sy 


oe 

: < 
ie 

4 8 

2(3 + 4m) — 9 = 45 


7(5y — 2) > 6(6y — 1) 


Copyright © 2012 Pearson Education, Inc. 


79. 3(r — 6) +2 < 4(r + 2) - 21 


81. 0.8(3x + 6) = 1.1 — (x + 2) 


83 Pag ao x+G 84. 
Skill Maintenance 
Add or subtract. [7.3a], [7.4a] 
85. —56 + (—18) 86. —2.3 + 7.1 87. 
3 1 
89. —56 — (-1 90. —— —- — 91. 
56 — (—18) —_— 
Simplify. 
93.5 — 32+ (8 — 2)*-4 [7.8d] 94, 
95. 5(2x — 4) — 3(4n + 1) [7.8b] 96. 
Synthesis 
97. Determine whether each number is a solution of the 98. 
inequality |x| < 3. 
a) 0 b) -2 
c) —3 d) 4 
e) 3 f) 1.7 
g) —2.8 
Solve. 


99.x+3<3+%x 


80. 5(x + 3) + 9 S 3(x — 2) + 6 


82. 0.4(2x + 8) = 20 — (x + 5) 


100. 


9(3 + 5x) — 4(7 + 2x) [7.8b] 


Graph |x| < 3 on the number line. 


| | | 
y T T 
-5 -4-3-2-1 0 1 2 3 4 5 


< 


x+4>34+%x 
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2 3 
1 y2 y t 
eG 66S 
ana 88. 8.12 — 9.23 
a oa : 
-2.3- 7.1 92. —8.12 + 9.23 
10 + 2-5 — 32 + (-5)* [7.8d] 
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Translate. 


inequalities. 


IMPORTANT WORDS 


(a) Translating to Inequalities 


The five steps for problem solving can be used for problems involving 


Before solving problems that involve inequalities, we list some important 
phrases to look for. Sample translations are listed as well. 


SAMPLE SENTENCE TRANSLATION 


1. Maggie worked no fewer than 
15 hr last week. 


2. The price of that PT Cruiser is at 
most $21,900. 


3. The time of the test was between 
45 and 55 min. 


4, Tania’s weight is less than 110 lb. 
5. That number is more than —2. 


6. The costs of production of that 
CD-ROM cannot exceed $12,500. 


7. At most 1250 people attended 
the concert. 


8. Yesterday, at least 23 people got 
tickets for speeding. 


Answers 


1h2=15 2. p< 21,900 
3.45 <t<55 4 w< 110 
5. n> -—2 6. c S 12,500 
7 ps1250 8 $= 23 


is at least Bill is at least 21 years old. [) = Pil 
is at most At most 5 students dropped 

the course. i = 5 
cannot exceed To qualify, earnings cannot 

exceed $12,000. r = 12,000 
must exceed The speed must exceed 15 mph. s>15 
is less than Tucker's weight is less than 50 lb. w < 50 
is more than Boston is more than 200 mi away. d > 200 
is between The film was between 90 and 

100 min long. 90 < t< 100 
no more than Bing weighs no more than 90 lb. w = 90 
no less than Valerie scored no less than 8.3. 52 Bs 


The following phrases deserve special attention. 


TRANSLATING “AT LEAST” AND “AT MOST” 


A quantity xis atleastsome amount q: x = q. 
(If x is at least g, it cannot be less than q.) 


A quantity xis at mostsome amountq: x = gq. 


(If x is at most q, it cannot be more than q.) 


Do Exercises 1-8. | 
(b) Solving Problems 


! EXAMPLE 1 Catering Costs. To cater a party, Curtis’ Barbeque charges a 


$150 setup fee plus $15.50 per person. The cost of Berry Manufacturing’s an- 
nual picnic cannot exceed $2100. How many people can attend the picnic? 
Source: Curtis’ All American Barbeque, Putney, Vermont 


1. Familiarize. Suppose that 110 people were to attend the picnic. The cost 
would then be $150 + $15.50(110), or $1855. This shows that more than 
110 people could attend the picnic without exceeding $2100. Instead of 
making another guess, we let 7 = the number of people in attendance. 
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2. Translate. Our guess shows us how to translate. The cost of the picnic 
will be the $150 setup fee plus $15.50 times the number of people attend- 
ing. We translate to an inequality: 


the cost of 
Rewording: Thesetupfee plus themeals cannotexceed $2100. 


ar a 


Translating: 150 + 15.50n = 2100. 
3. Solve. We solve the inequality for n: 


150 + 15.50n = 2100 
150 + 15.50n — 150 = 2100 — 150 Subtracting 150 


15.50n = 1950 Simplifying 
PaO we eee Dividing by 15.50 
15:50 15.50 
n = 125.8. Rounding to the nearest tenth 


4. Check. Although the solution set of the inequality is all numbers less than 
or equal to about 125.8, since n = the number of people in attendance, 
we round down to 125 people. If 125 people attend, the cost will be 
$150 + $15.50(125), or $2087.50. If 126 attend, the cost will exceed $2100. 


5. State. At most, 125 people can attend the picnic. ) 


Do Exercise 9. 


Caution! 


Solutions of problems should always be checked using the original 
wording of the problem. In some cases, answers might need to be whole 
numbers or integers or rounded off in a particular direction. 


EXAMPLE 2 Nutrition. The U.S. Department of Agriculture recommends 
that for a typical 2000-calorie daily diet, no more than 20 g of saturated fat be 
consumed. In the first three days of a four-day vacation, Anthony consumed 
26 g, 17 g, and 22 g of saturated fat. Determine (in terms of an inequality) how 
many grams of saturated fat Anthony can consume on the fourth day if he is to 
average no more than 20 g of saturated fat per day. 


Exercise 


ss 


Grains Vegetables Fruit Oils Milk Meat and beans 


SOURCES: U.S. Department of Health and Human Services; U.S. Department of Agriculture 


Translate to an inequality and solve. 


9. Butter Temperatures. Butter 


stays solid at Fahrenheit temper- 
atures below 88°. The formula 
F=3C + 32 
can be used to convert Celsius 
temperatures C to Fahrenheit 
temperatures F. Determine (in 
terms of an inequality) those 
Celsius temperatures for which 
butter stays solid. 


Answer 


9 
9. =C + 32 < 88; {C|C < 313°} 
5 
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Translate to an inequality and solve. 


10. Test Scores. A pre-med student 
is taking a chemistry course in 
which four tests are given. To get 
an A, she must average at least 90 
on the four tests. The student got 
scores of 91, 86, and 89 on the 
first three tests. Determine (in 
terms of an inequality) what 
scores on the last test will allow 
her to get an A. 


Answer 


91+ 86+ 89 +s 
1 


a = 90; {s|s = 94} 


. Familiarize. Suppose Anthony consumed 19 g of saturated fat on the 


fourth day. His daily average for the vacation would then be 


26g+17g¢g+22¢g+19¢g 84¢ 
4 4 


= 21g. 


This shows that Anthony cannot consume 19 g of saturated fat on the 
fourth day, if he is to average no more than 20 g of fat per day. We let 
x = the number of grams of fat that Anthony consumes on the fourth day. 


. Translate. We reword the problem and translate to an inequality as 


follows: 


The average consumption should be 
of saturated fat nomorethan 20g. 


Rewording: —— — “ 


26+ 17+ 22+ 
Translating: A 2 < 20. 


. Solve. Because of the fraction expression, it is convenient to use the 


multiplication principle first to solve the inequality: 


26+ 174+ 22+x 
= 


= 20 
4 
26+ 17+ 22+ x eae 
4( ri ) = 4-20 Multiplying by 4 
26 + 17+ 22 + x = 80 
65 + x = 80 Simplifying 


x =.15, Subtracting 65 


. Check. As a partial check, we show that Anthony can consume 15 g 


of saturated fat on the fourth day and not exceed a 20-g average for the 
four days: 


264+17+22+15 80 
4 a 


= 20. 


. State. Anthony’s average intake of saturated fat for the vacation will not 


exceed 20 g per day if he consumes no more than 15 g of saturated fat on 
the fourth day. 


Do Exercise 10. 


CHECKLIST 


e Are you approaching your study of mathematics with a positive attitude? 


e Are you making use of the textbook supplements, such as the Student's 


Solutions Manual? 


e Have you determined the location of the learning resource centers on your 


campus, such as a math lab, a tutor center, and your instructor's office? 


e Are you stopping to work the margin exercises when directed to do so? 


e Are you keeping one section ahead in your syllabus? 
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Exercise Set 


(a) Translate to an inequality. 


1. Anumber is at least 7. 
3. The baby weighs more than 2 kilograms (kg). 
5. The speed of the train was between 90 and 110 mph. 
7. Leah works no more than 20 hr per week. 
9. The cost of gasoline is no less than $1.50 per gallon. 
11. Anumber is greater than 8. 
13. Anumber is less than or equal to —4. 
15. The number of people is at least 1300. 
17. The amount of water is not to exceed 500 liters. 


19. Two more than three times a number is less than 13. 


(b) Solve. 


21. Test Scores. James is taking a literature course in which 
four tests are given. To get a B, he must average at least 
80 on the four tests. He got scores of 82, 76, and 78 on 
the first three tests. Determine (in terms of an inequality) 
what scores on the last test will allow him to get at 
least a B. 


For Extra Help 
MyMathLab 


20. 


22. Test Scores. 


8.8 Applications and Problem Solving with Inequalities 


Miny JG 


PRACTICE WATCH DOWNLOAD 


. Anumber is greater than or equal to 5. 


. Between 75 and 100 people attended the concert. 


. The attendance was no more than 180. 


. The amount of acid must exceed 40 liters (L). 


. The temperature is at most —2°. 


. Anumber is less than 5. 


. Anumber is greater than or equal to 18. 


. The cost is at most $4857.95. 


. The cost of lettuce is no less than 94 cents per pound. 


Five less than one-half a number is greater than 17. 


Rebecca's quiz grades are 73, 75, 89, and 
91. Determine (in terms of an inequality) what scores on 
the last quiz will allow her to get an average quiz grade 
of at least 85. 
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23. 


25. 


27. 


29. Blueprints. 


Gold Temperatures. Gold stays solid at Fahrenheit 
temperatures below 1945.4°. Determine (in terms of an 
inequality) those Celsius temperatures for which gold 
stays solid. Use the formula given in Margin Exercise 9. 


World Records in the 1500-m Run. The formula 
R= —0.075t + 3.85 


can be used to predict the world record in the 1500-m 
run fyears after 1930. Determine (in terms of an 
inequality) those years for which the world record will 
be less than 3.5 min. 


Envelope Size. For a direct-mail campaign, Laramore 
Advertising determines that any envelope with a fixed 
width of 33 in. and an area of at least 17} in? can be used. 
Determine (in terms of an inequality) those lengths that 
will satisfy the company constraints. 


——_ 


To make copies of blueprints, Vantage 
Reprographics charges a $5 setup fee plus $4 per copy. 
Myra can spend no more than $65 for copying her 
blueprints. What numbers of copies will allow her to 
stay within budget? 
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24. 


26. 


28. 


30. Banquet Costs. 


Body Temperatures. The human body is considered to 
be fevered when its temperature is higher than 98.6°F 
Using the formula given in Margin Exercise 9, determine 
(in terms of an inequality) those Celsius temperatures 
for which the body is fevered. 


World Records in the 200-m Dash. The formula 
R= —0.028t + 20.8 


can be used to predict the world record in the 200-m 
dash t years after 1920. Determine (in terms of an 
inequality) those years for which the world record will 
be less than 19.0 sec. 


Package Sizes. Logan Delivery Service accepts pack- 
ages of up to 165 in. in length and girth combined. 
(Girth is the distance around the package.) A package has 
a fixed girth of 53 in. Determine (in terms of an inequal- 
ity) those lengths for which a package is acceptable. 


The Shepard College women’s 
volleyball team can spend at most $450 for its awards 
banquet at a local restaurant. If the restaurant charges a 
$40 setup fee plus $16 per person, at most how many 
can attend? 


Copyright © 2012 Pearson Education, Inc. 


31. Phone Costs. Simon claims that it costs him at least 32. Parking Costs. Laura is certain that every time she 


$3.00 every time he calls an overseas customer. If his parks in the municipal garage it costs her at least $6.75. 
typical call costs 75¢ plus 45¢ for each minute, how long If the garage charges $1.50 plus 75¢ for each half hour, 
do his calls typically last? (Hint: 75¢ = $0.75.) for how long is Laura’s car generally parked? 

33. College Tuition. Angelica’s financial aid stipulates that 34. Furnace Repairs. RJ’s Plumbing and Heating charges 
her tuition cannot exceed $1000. If her local community $45 plus $30 per hour for emergency service. Gary 
college charges a $35 registration fee plus $375 per remembers being billed over $150 for an emergency call. 
course, what is the greatest number of courses for How long was RJ’s there? 


which Angelica can register? 


35. Nutrition. Following the guidelines of the Food and 36. College Course Load. To remain on financial aid, Millie 
Drug Administration, Dale tries to eat at least 5 servings needs to complete an average of at least 7 credits per 
of fruits or vegetables each day. For the first six days of quarter each year. In the first three quarters of 2009, 
one week, he had 4, 6, 7, 4, 6, and 4 servings. How many Millie completed 5, 7, and 8 credits. How many credits of 
servings of fruits or vegetables should Dale eat on course work must Millie complete in the fourth quarter 
Saturday, in order to average at least 5 servings per day if she is to remain on financial aid? 
for the week? 

37. Perimeter of a Rectangle. The width ofa rectangle is 38. Perimeter ofaTriangle. One side ofa triangle is 2cm 
fixed at 8 ft. What lengths will make the perimeter at shorter than the base. The other side is 3 cm longer 
least 200 ft? at most 200 ft? than the base. What lengths of the base will allow the 

perimeter to be greater than 19 cm? 

39. Area of a Rectangle. The width ofa rectangle is fixed at 40. Area of a Rectangle. The width ofa rectangle is fixed at 

4 cm. For what lengths will the area be less than 86 cm2? 16 yd. For what lengths will the area be at least 264 yd?? 
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41. 


43 


. 


45. 


47. 


49. 


Insurance-Covered Repairs. Most insurance 
companies will replace a vehicle if an estimated repair 
exceeds 80% of the “blue-book’” value of the vehicle. 
Michelle’s insurance company paid $8500 for repairs to 
her Subaru after an accident. What can be concluded 
about the blue-book value of the car? 


Reduced-Fat Foods. 1n order for a food to be labeled 
“reduced fat,” it must have at least 25% less fat than the 
regular item. One brand of reduced-fat peanut butter 
contains 12 g of fat per serving. What can you conclude 
about the fat content in a serving of the brand’s regular 
peanut butter? 


Pond Depth. On July 1, Garrett’s Pond was 25 ft deep. 
Since that date, the water level has dropped ft per week. 
For what dates will the water level not exceed 21 ft? 


Area of a Triangular Flag. As part of an outdoor 
education course, Wendy needs to make a bright- 
colored triangular flag with an area of at least 3 ft?. 
What heights can the triangle be if the base is 1} ft? 


42. 


44, 


46. 


48. 


Insurance-Covered Repairs. Following an accident, 
Jeff’s Ford pickup was replaced by his insurance 
company because the damage was so extensive. Before 
the damage, the blue-book value of the truck was 
$21,000. How much would it have cost to repair the 
truck? (See Exercise 41.) 


Reduced-Fat Foods. One brand of reduced-fat 
chocolate chip cookies contains 5 g of fat per serving. 
What can you conclude about the fat content of the 
brand’s regular chocolate chip cookies? (See Exercise 43.) 


Weight Gain. A3-lb puppy is gaining weight at a rate 
of $Ib per week. When will the puppy’s weight exceed 
225 Ib? 


Area of a Triangular Sign. Zoning laws in Harrington 
prohibit displaying signs with areas exceeding 12 ft”. If 
Flo’s Marina is ordering a triangular sign with an 8-ft 
base, how tall can the sign be? 


Electrician Visits. Dot’s Electric made 17 customer 
calls last week and 22 calls this week. How many calls 
must be made next week in order to maintain a weekly 
average of at least 20 calls for the three-week period? 
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Solving Equations and Inequalities 


50. 


Volunteer Work. George and Joan do volunteer work 
at a hospital. Joan worked 3 more hr than George, and 
together they worked more than 27 hr. What possible 
numbers of hours did each work? 
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Skill Maintenance 


In each of Exercises 51-58, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


51. The product of a(n) number of negative 


numbers is always positive. [7.5a] 
52. The product of a(n) number of negative 
numbers is always negative. [7.5a] 


53. The inverse of a negative number is always 
positive. [7.3b] 

54. The inverse of a negative number is always 
negative. [7.6b] 


55. Equations with the same solutions are called 
equations. [8.1b] 


56. The 


get equivalent equations. [8.1b] 


57. The 


the direction of the inequality symbol 


58. Any replacement for the variable that makes an equation true is 
called a(n) of the equation. [8.1a] 


Synthesis 


59. SkiWax. Green ski wax works best between 5° and 15° 
Fahrenheit. Determine those Celsius temperatures for 
which green ski wax works best. Use the formula given 
in Margin Exercise 9. 


61. Low-Fat Foods. 
fat,” it must have fewer than 3 g of fat per serving. One 
brand of reduced-fat tortilla chips contains 60% less fat 
than regular nacho cheese tortilla chips, but still cannot 
be labeled low fat. What can you conclude about the fat 
content of a serving of nacho cheese tortilla chips? 


8.8 Applications and Problem Solving with Inequalities 


for equations asserts that when we add the 
same number to the expressions on each side of the equation, we 


for inequalities asserts that when we multi- 
ply or divide by a negative number on both sides of an inequality, 
[8.7d] 


60. Parking Fees. 


In order for a food to be labeled “low 62. 


addition principle 
multiplication principle 
solution 

value 

is reversed 

stays the same 

even 

odd 

multiplicative 

additive 


equivalent 


Mack’s Parking Garage charges $4.00 for 
the first hour and $2.50 for each additional hour. For 
how long has a car been parked when the charge 
exceeds $16.50? 


Parking Fees. When asked how much the parking 
charge is for a certain car, Mack replies “between 14 
and 24 dollars.” For how long has the car been parked? 
(See Exercise 60.) 
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8 Summary and Review 


S 


Key Terms and Properties 


equation, p. 570 clearing decimals, p. 585 solution set, p. 628 

solution of an equation, p. 570 formula, p. 593 graph of an inequality, p. 628 
equivalent equations, p. 571 evaluating a formula, p. 593 equivalent inequalities, p. 629 
clearing fractions, p. 585 inequality, p. 628 set-builder notation, p. 631 
The Addition Principle for Equations: For any real numbers a, b, and c, a = bis equivalenttoa+c=b+c. 


The Multiplication Principle for Equations: | For any real numbers a, b, and c, c # 0: a = bis equivalent toa: c=b-c. 


The Addition Principle for Inequalities: For any real numbers a, b, and c: 
a < bis equivalenttoa+c<b+c; 
a> bisequivalenttoa+c>b+tce. 


Similar statements hold for = and =. 


The Multiplication Principle for Inequalities: For any real numbers a and J, and any positive number c: 
a < bis equivalent to ac < bc; a> bis equivalent to ac > be. 


For any real numbers a and b, and any negative number c: 
a < bis equivalent to ac > bc; a> bis equivalent to ac < be. 


Similar statements hold for <= and =. 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. Some equations have no solution. [8.3c] 


2. Foranynumbern,n =n. [8.7a] 
3. 2x — 7 < llandx < 2 are equivalent inequalities. [8.7e] 
4. Ifx > y, then—-x < —y. [8.7d] 


Important Concepts 


Objective 8.3a Solve equations using both the addition principle and the multiplication principle. 
Objective 8.3b Solve equations in which like terms may need to be collected. 
Objective 8.3c Solve equations by first removing parentheses and collecting like terms. 


Example Solve: 6y — 2(2y — 3) = 12. Practice Exercise 
6y — 2(2y — 3) = 12 1. Solve: 4(x — 3) = 6(x + 2). 
6y — 4y+ 6 = 12 Removing parentheses 
2y+6= 12 Collecting like terms 
2y+6-6=12-6 Subtracting 6 
2y=6 
2 = Dividing by 2 
y=3 


The solution is 3. 
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a 


Example Solve: 8 + 2x -4=6+ 2(x—- 1). 
8+ 2x—-4=6+ 2(x- 1) 
8+ 2x-4=6+2x-2 
2x+4=2x+4 
2x + 4 — 2x = 2x +4- 2x 
4=4 
Every real number is a solution of the equation 4 = 4, so all 


real numbers are solutions of the original equation. The 
equation has infinitely many solutions. 


Example Solve: 2 + 5(x — 1) = -6 
5(x- 1) =-6+5x+7 
7 


£56 7. 


5x -3- 5x =5x+1-—- 5x 


This is a false equation, so the original equation has no 
solution. 


Objective 8.4b Solve a formula for a specified letter. 


+ 
Example Solve forn: M = = a 
+ 
uM-@ n 
5 
+ 
5M =5(™ ") 
5 
5M=m+n 
5M-m=m+n-—m 
5M-m=n 


Objective 8.7b Graph an inequality on the number line. 


Example Graph each inequality: (a) x < 2; (b) x = —3. 


a) The solutions of x < 2 are all numbers less than 2. 
We shade all points to the left of 2, and we use an open 
circle at 2 to indicate that 2 is not part of the graph. 


<2 
-5 -4-3-2-1 0123 4 5 


b) The solutions of x = —3 are all numbers greater than 
—3 and the number —3 as well. We shade all points to 
the right of —3, and we use a closed circle at —3 to 
indicate that —3 is part of the graph. 


Objective 8.3c Solve equations with no solutions and equations with an infinite number of solutions. 


Practice Exercises 
2. Solve: 4 + 3y —-7=3 + 3(y — 2). 


3. Solve: 4(x — 3) + 7=—-5 + 4x + 10. 


Practice Exercise 


4. Solve for b: A = shh. 


Practice Exercises 
5. Graph: x > 1. 


Soo 1 
-5 -4-3-2-1 0 12 3 4 5 


6. Graph: x = —1. 


A 


Summary and Review: Chapter 8 649 


“ 


-7 < -3y 4 


+ 2 


2 


Example Solve: 8y — 7 = 5y + 2. 
By -—7<5y+2 
8y —7- By S 5y + 2- By 


2 


7-25 —3y 
=9 =-=3y 
eo ey 
—3 =3 

32y 


Solve. [8.1b] 
lx+5=—-l17 


3.x-11=14 
Solve. [8.2a] 
ee 
" 3° 6 
x 
.-t=4 
7 A 8 
4 3 
9 BY 16 
Solve. [8.3a] 
10.5-x=13 


Solve. [8.3b, c] 
12.5t+9=3t-1 


13. 7x — 6 = 25x 


14, 14y = 23y — 17 — 10 


S 


Review Exercises 


Reversing the symbol 


The solution set is {y|3 = y}, or {y|y = 3}. 


2n—-7=—-6 


4. y — 0.9 = 9.09 


6. —8x = —56 
8. 15x = —35 
1 5 
Wx = 2 

4 8 8 


Objective 8.7e Solve inequalities using the addition principle and the multiplication principle together. 


Practice Exercise 
7. Solve: 6y + 5 > 3y — 7. 


15. 0.22y — 0.6 = 0.12y + 3 — 0.8y 


1G.-¢-- 624 
“47 8 


17. 14y+ 17+ 7y=9+ 2ly+ 8 


18. 4(x + 3) = 36 


19. 3(5x — 7) = —66 


20. 8(x — 2) — 5(x + 4) = 20+ x 


21. —5x + 3(x + 8) = 16 


22. 6(x — 2) — 16 = 3(2x — 5) + 11 


Determine whether the given number is a solution of the 
inequality x = 4. [8.7a] 


23. —3 24. 7 25. 4 
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“ 


Solve. Write set notation for the answers. [8.7c, d, e] 


2 
26.yt+t-—=-— 
or 3. 


28.2+ 6y>14 


30. 3x +5<2x-6 


32. 4 — 8x < 13 + 3x 


Graph on the number line. 
34. 4x -6<x+3 


27. 9x = 63 


29. 7 — 3y = 27 + 2y 


31. —4y < 28 
33. -—4x Ss z 
: “3 
[8.7b, e] 
—}—+++] -—— 


36. y > 0 


Solve. [8.4b] 


37. C = 7rd, ford 


+ 
39. A= 4? fora 


38. V= Bh, forB 


40. y= mx + Db, forx 


Solve. [8.6a] 


Al. 


42. 


43. 


44. 


45. 


Dimensions of Wyoming. The state of Wyoming is 
roughly in the shape of a rectangle whose perimeter is 
1280 mi. The length is 90 mi more than the width. Find 
the dimensions. 


Interstate Mile Markers. The sum of two consecutive 
mile markers on I-5 in California is 691. Find the 
numbers on the markers. 


An entertainment center sold for $2449 in June. This 
was $332 more than the cost in February. What was the 
cost in February? 


Ty is paid a commission of $4 for each magazine 
subscription he sells. One week, he received $108 in 
commissions. How many subscriptions did he sell? 


The measure of the second angle of a triangle is 50° 
more than that of the first angle. The measure of the 
third angle is 10° less than twice the first angle. Find 
the measures of the angles. 


Solve. [8.5a] 


46. 


47. 


48. 


What number is 20% of 752 


Fifteen is what percent of 80? 


18 is 3% of what number? 


Summary and Review: Chapter 8 651 


(49, Job Opportunities. There were 1.388 million child- 
care workers in 2006. The number of job opportunities 
in that field is expected to grow to 1.636 million by 
2016. What is the percent of increase? 

Source: Occupational Outlook Handbook 


"ical | 


Solve. [8.6a] 


50. After a 30% reduction, a bread maker is on sale for 
$154. What was the marked price (the price before 
the reduction)? 


51. A hotel manager's salary is $61,410, which is a 15% 
increase over the previous year’s salary. What was the 
previous salary? 


52. A tax-exempt organization received a bill of $145.90 
for janitorial supplies. The bill incorrectly included 
sales tax of 5%. How much does the organization 
actually owe? 


Solve. [8.8b] 


53. Test Scores. Jacinda’s test grades are 71, 75, 82, and 86. 
What is the lowest grade that she can get on the next test 
and still have an average test score of at least 80? 


54. The length of a rectangle is 43 cm. What widths will make 
the perimeter greater than 120 cm? 


55. The solution of the equation 4(3x — 5) +6=8+x 
is which of the following? [8.3c] 


A. Less than —1 B. Between —1 and 1 
C. Between 1 and 5 D. Greater than 5 


56. Solve fory: 3x + 4y = P. [8.4b] 


P=3% boars © 6 
A. y= a B. y= 7 
CG y=P-= D. y=— — 3x 
Synthesis 


Solve. 
57. 2|x] + 4 = 50 [7.2el, [8.3al 


58. |3x| = 60 [7.2e], [8.2a] 
59. y = 2a — ab + 3,fora [8.4b] 


Understanding Through Discussion and Writing 


1. Would it be better to receive a 5% raise and then an 
8% raise or the other way around? Why? = [8.5a] 


2. Erin returns a tent that she bought during a storewide 
25%-off sale that has ended. She is offered store credit 
for 125% of what she paid (not to be used on sale 
items). Is this fair to Erin? Why or why not? = [8.5a] 


3. Are the inequalities x > —5 and —x < 5 equivalent? 
Why or why not? = [8.7d] 


4. Explain in your own words why it is necessary to reverse 
the inequality symbol when multiplying on both sides 
of an inequality by anegative number. [8.74] 


5. If frepresents Fran's age and ft represents Todd's age, write 
asentence that would translate tot + 3 < fi [8.8a] 

6. Explain how the meanings of “Five more than a number” 

and “Five is more than a number” differ. [8.8a] 
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CHAPTER 


For Extra Help 
Tes at VC st Pr Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
o) lest Frep on DVD, in Mymathiab\y) _ and on You{fi)° (search “BittingerDevMath” and click on “Channels"). 


Solve. 
| i a ae ed) Zot ey, 3. 3x = —18 
4 1 2 
45 = = 2 .3t+7=2t- rs ee 
Fel 8 hs Siar f= Bi & 6 ae a 
2 3 
7.8 -—y=16 oe 9. 3(x + 2) =2 
10. —3x — 6(x — 4) =9 11. 0.4p + 0.2 = 4.2p — 7.8 — 0.6p 
2A (8x7) lle 92 (6% 95) no Ie 2 se (ee ae G = Gye ae 4b ae Dee 
Solve. Write set notation for the answers. 
140% 6 = 2 Ik}, IéSe ar &) 2 lishe = 2) 16. 12x = 60 
1 
17. —2y = 26 ios 4) = 2? 19. —5x > 7 
20. 4 — 6x > 40 Zale & = Ge 2 IS) ar Bie 
Graph on the number line. 
Le, 0 = Sp (ee = 3S spar 2 
SP See ate yt eS eee oe 
DA 2X 02 
St 
5-4-3 -2-1 012 3 4 5 
Solve. 
25. What number is 24% of 752 26. 15.84 is what percent of 96? 
27. 800 is 2% of what number? 28. Job Opportunities. The number of job opportunities 


for physician's assistants is expected to increase from 
66,000 in 2006 to 83,000 in 2016. What is the percent of 
increase? 

Source: Occupational Outlook Handbook 


Test: Chapter 8 653 


29. Perimeter ofa Photograph. The perimeter ofa 
rectangular photograph is 36 cm. The length is 4 cm 
greater than the width. Find the width and the length. 


31. Raffle Tickets. The numbers on three raffle tickets 
are consecutive integers whose sum is 7530. Find the 
integers. 


33. Board Cutting. An 8-m board is cut into two pieces. 
One piece is 2 m longer than the other. How long are 
the pieces? 


35. Budgeting. Jason has budgeted an average of $95 per 


month for entertainment. For the first five months of the 
year, he has spent $98, $89, $110, $85, and $83. How much 
can Jason spend in the sixth month without exceeding his 


average budget? 


37. Solve A = 2arh for r. 


39. Senior Population. The number of Americans age 65 
and older is projected to grow from 40.4 million to 


70.3 million between 2011 and 2030. Find the percent of 


increase. 

Source: U.S. Census Bureau 

A. 42.5% B. 47% 
(Cy BAB D. 74% 


Synthesis 


1 


= qd 


40. Solve c = 


30. 


32. 


34. 


36. 


Charitable Contributions. About $102.3 billion was 
given to religious organizations in 2007. This represents 
33% of all charitable donations that year. How much was 
donated to all charities? 


Sources: Giving USA Foundation; Center on Philanthropy at 
Indiana University 


Savings Account. Money is invested in a savings 
account at 5% simple interest. After 1 year, there is $924 
in the account. How much was originally invested? 


Lengths of a Rectangle. The width ofa rectangle is 96 yd. 
Find all possible lengths such that the perimeter of the 
rectangle will be at least 540 yd. 


Copy Machine Rental. A catalog publisher needs to 
lease a copy machine for use during a special project that 
they anticipate will take 3 months. It costs $225 per 
month plus 1.2¢ per copy to rent the machine. The 
company must stay within a budget of $2400 for copies. 
Determine (in terms of an inequality) the number of 
copies they can make and still remain within budget. 


38. Solve y = 8x + b for x. 


4l. 


Solve: 3|w| — 8 = 37. 


42. A movie theater had a certain number of tickets to give away. Five people got the tickets. The first got one-third of the tickets, 
the second got one-fourth of the tickets, and the third got one-fifth of the tickets. The fourth person got eight tickets, and 
there were five tickets left for the fifth person. Find the total number of tickets given away. 
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Graphs and Applications 
of Linear Equations 


More with Graphing 
and Intercepts 
VISUALIZING FOR SUCCESS 
Slope and Applications 
Equations of Lines 
MID-CHAPTER REVIEW 
Graphing Using the Slope 
and the y-Intercept 
Parallel and Perpendicular Lines 


Graphing Inequalities 
in Two Variables 


VISUALIZING FOR SUCCESS 
SUMMARY AND REVIEW 
TEST 


The maximum grade allowed between two stations in a rapid-transit rail system is 
3.5%. Between station A and station B, which are 280 ft apart, the tracks rise 85 ile 
What is the grade of the tracks between these two stations? Round the answer to the 
nearest tenth of a percent. Does this grade meet the rapid-transit rail standards? 


Source: Brian Burell, Merriam Webster's Guide to Everyday Math, Merriam-Webster, Inc., Springfield MA 


This problem appears as Exercise 53 in Section 9.3. 
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9.1 


A Plot points associated with 
ordered pairs of numbers; 
determine the quadrant in 
which a point lies. 


Db. Find the coordinates of a 
point on a graph. 


C ) Determine whether an 
ordered pair is a solution 
of an equation with two 
variables. 


d Graph linear equations of 
the type y = mx + band 
Ax + By = C, identifying 
the y-intercept. 

@ Solve applied problems 


involving graphs of linear 
equations. 


SKILL TO REVIEW 

Objective 8.la: Determine whether 
a given number is a solution of a 
given equation. 


Determine whether —3 is a solution 
of each equation. 

1. 8(w — 3) = 0 

2.15 = —2y +9 


Answers 


Skill to Review: 
1. —3isnotasolution. 2. —3isasolution. 


Graphs and Applications 
of Linear Equations 


You probably have seen bar graphs like the following in newspapers and mag- 
azines. Note that a straight line can be drawn along the tops of the bars. Such 
a line is a graph of a linear equation. In this chapter, we study how to graph 
linear equations and consider properties such as slope and intercepts. Many 
applications of these topics will also be considered. 


World Population 


(in billions) 


Population 
PnNwWPRUTDN WD OO 


1980 1990 2000 2010 2020 2030 
Year 
SOURCE: U.S. Census Bureau; International Data Base 


a) Plotting Ordered Pairs 


In Chapter 8, we graphed numbers and inequalities in one variable on a line. 
To enable us to graph an equation that contains two variables, we now learn 
to graph number pairs on a plane. 

On the number line, each point is the graph of a number. On a plane, 
each point is the graph of a number pair. To form the plane, we use two 
perpendicular number lines called axes. They cross at a point called the 
origin. The arrows show the positive directions. 


Second 
axis 
(vertical) 
: @, 4) 
4p —---@ 
(4, 3) 
ills 
3 cm 
2 bel 
| 
1 re 
(0,0) | | 
~5-4-3-2-19 12 3 4 5 | Rirgt 
9 axis 
(horizontal) 


Consider the ordered pair (3, 4). The numbers in an ordered pair are called 
coordinates. In (3, 4), the first coordinate (the abscissa) is 3 and the second 
coordinate (the ordinate) is 4. To plot (3, 4), we start at the origin and move 
horizontally to the 3. Then we move up vertically 4 units and make a “dot.” 

The point (4, 3) is also plotted above. Note that (3, 4) and (4, 3) represent 
different points. The order of the numbers in the pair is important. We use the 
term ordered pairs because it makes a difference which number comes first. 
The coordinates of the origin are (0, 0). 
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EXAMPLE 1 Plot the point Second 


(—5, 2). as 

The first number, —5, is 5 
negative. Starting at the origin, S unite lett 
we move —5 units in the hori- (5,2) { 


2unitsup——T 7 > 
| 


zontal direction (5 units to the 
left). The second number, 2, is 
positive. We move 2 units in 
the vertical direction (up). 


1 SSSSSSSSSSSSsssF? 
25-4305 0 ‘ 
5-4-3 -2 Te 123 45 First 


Caution! 


The first coordinate of an ordered pair is always graphed in a horizontal 
direction and the second coordinate is always graphed in a vertical direction. 


Do Exercises 1-8. 


The figure below shows some points and their coordinates. In region I 
(the first quadrant), both coordinates of any point are positive. In region II 
(the second quadrant), the first coordinate is negative and the second posi- 
tive. In region III (the third quadrant), both coordinates are negative. In re- 
gion IV (the fourth quadrant), the first coordinate is positive and the second 
is negative. 


EXAMPLE 2 _ In which quadrant, if any, are the points (—4,5), (5, —5), 
(2,4), (—2, —5), and (—5, 0) located? 


Second 
axis 
oi: 5) 5 or 
4|@ 
Il : ai 
Second First 
quadrant 2 quadrant 
1 
(—5, 0) 2 
-5-4-3 ~2-10 12345 First 
axis 
Il = IV 
Third Fourth 
quadrant fk quadrant 
=) 
(-2, -5f (5, -5)° 


The point (—4, 5) is in the second quadrant. The point (5, —5) is in the 
fourth quadrant. The point (2, 4) is in the first quadrant. The point (—2, —5) 
is in the third quadrant. The point (—5,0) is on an axis and is not in any 
quadrant. 


Do Exercises 9-16. 


b ) Finding Coordinates 


To find the coordinates of a point, we see how far to the right or left of the 
origin it is located and how far up or down from the origin. 


Plot these points on the graph below. 


1. (4,5) 2. (5,4) 
3. (—2,5) A(S5=2) 
5. (5, -3) 6. (—2,-1) 
7.(0)—3) 8. (2,0) 


9. What can you say about the 
coordinates of a point in the 
third quadrant? 


10. What can you say about the 
coordinates of a point in the 
fourth quadrant? 


In which quadrant, if any, is each 
point located? 


11. (5,3) 1, (=G, =2))) 

13. (10, -14) 14. (—13,9) 
il dl 

ky (0, = 1G, || === 

& (@,=8) 6 ( 5 i) 

Answers 

1-8. Second 


9. Both are negative numbers. 10. First, 
positive; second, negative i i FF 12. Il 
13. IV 14. Il 15. On an axis, not in any 
quadrant 16. II 
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17. Find the coordinates of points A, 
B,C, D, E, f and Gon the graph 
below. 


18. Determine whether (2, —4) isa 
solution of 4q — 3p = 22. 


19. Determine whether (2, —4) isa 
solution of 7a + 5b = —6. 


Answers 

17. A: (—5, 1); B: (—3, 2); C: (0, 4); 

D: (3,3); E: (1,0); F: (0, —3); G: (—5, —4) 
18. No 19. Yes 


EXAMPLE 3_ Find the coordinates of points A, B, C, D, E, F, and G. 


Second 
axis 
ae 5 an 
4 
as 
2 
1 - 
Pa 0 > 
ee 123 4 5 First 
_9 axis 
. -3 
—4 a 
—5 


Point A is 3 units to the left (horizontal direction) and 5 units up (vertical 
direction). Its coordinates are (—3, 5). Point Dis 2 units to the right and 4 units 
down. Its coordinates are (2, —4). The coordinates of the other points are as 
follows: 


B: (5,1); C: (—4, -3); 
E: (1,5); F: (—2,0); G: (0,3). 


Do Exercise 17. 


c) Solutions of Equations 


Now we begin to learn how graphs can be used to represent solutions of 
equations. When an equation contains two variables, the solutions of the 
equation are ordered pairs in which each number in the pair corresponds to a 
letter in the equation. Unless stated otherwise, to determine whether a pair is 
a solution, we use the first number in each pair to replace the variable that 
occurs first alphabetically. 


EXAMPLE 4 _ Determine whether each of the following pairs is a solution 
of 4q — 3p = 22: (2,7) and (—1,6). 

For (2,7), we substitute 2 for p and 7 for q (using alphabetical order of 
variables): 


4q — 3p = 22 
eo oe 
28 —6 
22 TRUE 


Thus, (2, 7) is a solution of the equation. 
For (—1, 6), we substitute —1 for p and 6 for q: 


4q — 3p = 22 
4-6—3:+(-1) ? 22 
244+ 3 
27 FALSE 


Thus, (—1, 6) is nota solution of the equation. 


Do Exercises 18 and 19. 
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EXAMPLE 5 Show that the pairs (3,7), (0, 1), and (—3, —5) are solutions 
of y = 2x + 1. Then graph the three points and use the graph to determine 
another pair that is a solution. 

To show that a pair is a solution, we substitute, replacing x with the first 
coordinate and y with the second coordinate of each pair: 


y=2x4+1 y=2x+1 
ieee esi to Eo 
722-3+1 122-041 
6+ 1 0+ 1 
7 TRUE 1 TRUE 
y=2x+1 
oe 
=§:¢ 2(=3) +1 
-6+1 
—5 TRUE 


In each of the three cases, the substitution results in a true equation. Thus the 
pairs are all solutions. 

We plot the points as shown at 
right. The order of the points follows 
the alphabetical order of the variables. 
That is, x comes before y, so x-values 
are first coordinates and y-values are 
second coordinates. Similarly, we also 
label the horizontal axis as the x-axis 
and the vertical axis as the y-axis. 

Note that the three points appear 
to “line up.” That is, they appear to be 
on a straight line. Will other points 
that line up with these points also 
represent solutions of y = 2x + 1?To 
find out, we use a straightedge and 
sketch a line passing through (3, 7), 

(0, 1), and (—3, —5). 

The line appears to pass through (2, 5) as well. Let’s see if this pair is a 

solution of y = 2x + 1: 


y=2xt+1 
_orree 
5 ee 2e2 4 I 
4+1 
5 TRUE 


Thus, (2, 5) is a solution. 


Do Exercise 20. 


Example 5 leads us to suspect that any point on the line that passes 
through (3, 7), (0, 1), and (—3, —5) represents a solution of y = 2x + 1. In fact, 
every solution of y = 2x + 1 is represented by a point on that line and every 
point on that line represents a solution. The line is the graph of the equation. 


LEARNING RESOURCES 
ON CAMPUS 


Your college or university probably 
has resources to support your 
learning. 


1. There may be a learning lab or 
a tutoring center for drop-in 
tutoring. 


2. There may be group tutoring 
sessions for this specific course. 


3. The math department may 
have a bulletin board or a net- 
work for locating private tutors. 


4. Visit your instructor during 
office hours if you need 
additional help. Also, many 
instructors welcome e-mails 
from students with questions. 


20. Use the graph in Example 5 to 
find at least two more points 
that are solutions of y = 2x + 1. 


Answer 
20. (—2,—3), (1,3); answers may vary 
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Calculator Corner 


Finding Solutions of 
Equations A table of values repre- 
senting ordered pairs that are solutions 
of an equation can be displayed ona 
graphing calculator. To do this for the 
equation in Example 6, y = 2x, we first 
press Cy=_) to access the equation- 
editor screen. Then we clear any 
equations that are present. Next, we 
enter the equation by positioning the 
cursor beside “Y; —” and press @) 
aD. Now we press Gy Geasery to 
display the table set-up screen. We then 
set both INDPNT and DEPEND to AUTO 
by positioning the cursor over AUTO and 
pressing Gig. 

We will display a table of values that 
starts with x = —2 (TBLSTART) and 
adds 1(ATBL) to the preceding x-value. 
We press) QDOQOarQ@Qe, 
Giy © to do this. To display the table, 


we press Gy Gane). 


You can use the G) and & keys to 
scroll up and down through the table to 
see other solutions of the equation. 


Exercise: 

1. Create a table of ordered pairs 
that are solutions of the equa- 
tions in Examples 7 and 8. 
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GRAPH OF AN EQUATION 


The graph of an equation is a drawing that represents all of its solutions. 


d Graphs of Linear Equations 


Equations like y = 2x + land 4q — 3p = 22 are said to be linear because the 
graph of each equation is a straight line. In general, any equation equivalent 
to one of the form y = mx + b or Ax + By = C, where m, b, A, B, and C are 
constants (not variables) and A and B are not both 0, is linear. 


To graph a linear equation: 


1. Select a value for one variable and calculate the corresponding 
value of the other variable. Form an ordered pair using 
alphabetical order as indicated by the variables. 

2. Repeat step (1) to obtain at least two other ordered pairs. Two 
points are essential to determine a straight line. A third point 
serves as a check. 

3. Plot the ordered pairs and draw a straight line passing through the 
points. 


In general, calculating three (or more) ordered pairs is not difficult for 
equations of the form y = mx + b. We simply substitute values for x and cal- 
culate the corresponding values for y. 


EXAMPLE 6 Graph: y = 2x. 


First, we find some ordered pairs that are solutions. We choose any 
number for x and then determine y by substitution. Since y = 2x, we find y by 
doubling x. Suppose that we choose 3 for x. Then 


y= 2x =2-3=6. 


We get a solution: the ordered pair (3, 6). 
Suppose that we choose 0 for x. Then 


y=2x=2-0=0. 


We get another solution: the ordered pair (0, 0). 
For a third point, we make a negative choice for x. If x is —3, we have 


y = 2x =2-(-3) = -6. 


This gives us the ordered pair (—3, —6). 

We now have enough points to plot the line, but if we wish, we can com- 
pute more. Ifa number takes us off the graph paper, we either do not use it or 
we use larger paper or rescale the axes. Continuing in this manner, we create 
a table like the one shown on the following page. 


Graphs of Linear Equations 


= 


Now we plot these points. Then we draw the line, or graph, with a 
straightedge and label it y = 2x. Complete each table and graph. 
Alls = = 23% 


(1) Choose x. 

(2) Compute y. 

(3) Form the pair (x, y). 
(4) Plot the points. 


Caution! 


Keep in mind that you can choose any number for x and then 
compute y. Our choice of certain numbers in the examples does 
not dictate those that you must choose. 


| Do Exercises 21 and 22. 


EXAMPLE 7 Graph: y = —3x + 1. 
We select a value for x, compute y, and form an ordered pair. 

Then we repeat the process for other choices of x. 
Ifx = 2, theny = —3:2+1=-—5, and (2, —5) is a solution. 
Ifx = 0, theny = -3-0+1=1, and (0, 1) is a solution. 
Ifx=—1, theny = —3-(—1)+1=4, and(-—1,4) isasolution. 


Results are listed in the table below. The points corresponding to each pair are 
then plotted. 


$ —5 (2, -5) 


Answers 
21. 22. 


(1) Choose x. 

(2) Compute y. 
(3) Form the pair (x, y). 
(4) Plot the points. 
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Complete each table and graph. 
PS al aes) 


(%y) 


Answers 
23. 24, 


Note that all three points line up. If they did not, we would know that 
we had made a mistake. When only two points are plotted, a mistake 
is harder to detect. We use a ruler or other straightedge to draw a line 
through the points. Every point on the line represents a solution of 
y= -3x 4+ 1. 


Do Exercises 23 and 24. } 


In Example 6, we saw that (0, 0) is a solution of y = 2x. It is also 
the point at which the graph crosses the y-axis. Similarly, in Example 
7, we saw that (0, 1) is a solution of y = —3x + 1. It is also the point 
at which the graph crosses the y-axis. A generalization can be made: 
If x is replaced with 0 in the equation y = mx + b, then the corre- 
sponding y-value is m- 0 + b, or b. Thus any equation of the form 
y = mx + bhasa graph that passes through the point (0, b). Since 
(0, b) is the point at which the graph crosses the y-axis, it is called 
the y-intercept. Sometimes, for convenience, we simply refer to b as 
the y-intercept. 


y-INTERCEPT 


The graph of the equation 
y = mx + bpasses through the 
y-intercept (0, b). 


EXAMPLE 8 Graphy = 2x + 4 and identify the y-intercept. 


We select a value for x, compute y, and form an ordered pair. Then we 
repeat the process for other choices of x. In this case, using multiples of 
5 avoids fractions. We try to avoid graphing ordered pairs with fractions 
because they are difficult to graph accurately. 


2 
Ifx=0, theny= 5) 0+4=4, and (0, 4) is a solution. 
2 : ; 
Ifx=5, theny= 5. 5+4=6, and (5, 6) is a solution. 
2 ‘ ; 
Ifx = —5, theny = 5 (-—5) +4 =2, and(—5,2) isasolution. 


The following table lists these solutions. Next, we plot the points and see that 
they form a line. Finally, we draw and label the line. 


2 6 
=ixt+4 5 
y-intercept —_ 


0 4 (0,4) 3 

2 

5 6 (5,6) : 
-6-5-4-3-2-1 123 4 5 6 = 

—5 2 (—5, 2) 1 

—2 
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We see that (0, 4) is a solution of y = 2x + 4. It is the y-intercept. 
Because the equation is in the form y = mx + b, we can read the 
y-intercept directly from the equation as follows: 


y= ox +4 (0,4) is the y-intercept. 
[____+ 


| Do Exercises 25 and 26. 


Calculating ordered pairs is generally easiest when y is isolated 
on one side of the equation, as in y = mx + b. To graph an equation 
in which y is not isolated, we can use the addition and multiplication 
principles to solve for y. (See Sections 8.3 and 8.4.) 


EXAMPLE 9 Graph 3y + 5x = 0 and identify the y-intercept. 


To find an equivalent equation in the form y = mx + b, we solve 
for y: 


3y + 5x =0 
3y + 5x —- 5x = 0 - 5x Subtracting 5x 
3y = —-5x Collecting like terms 
3 —5, 
= = — Dividing by 3 
ee 
y oe 
Because all the equations above are equivalent, we can use y = — 2x to draw 
the graph of 3y + 5x = 0.To graphy = — 2x, we select x-values and compute 


y-values. In this case, if we select multiples of 3, we can avoid fractions. 


Ifx = 0, then y= -2-0=0. 


5 
Ifx = 3, then y = ae =; 
5 
Ifx = —3, theny = a (-3) = 5. 


We list these solutions in a table. Next, we plot the points and see that they 
form a line. Finally, we draw and label the line. The y-intercept is (0, 0). 


: 


0 0 |<-j-intercept (~3, 5) 


3 =5 
y-intercept 
=3 5 
-5-4-3-2-1 12.3) 4 be 
ee 7 


3y+5x=0 


(3, —5) 


Graph each equation and identify 
the y-intercept. 


3 
25. y= =x +2 
ae 


[ 


Graph each equation and identify 
the y-intercept. 


27. 5y + 4x = 0 


28. 4y = 3x 


| Do Exercises 27 and 28. 


Answers 


Answers to Margin Exercises 25-28 are 
on p. 664. 
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| EXAMPLE 10 Graph 4y + 3x = —8 and identify the y-intercept. 
To find an equivalent equation in the form y = mx + b, we solve for y: 


4y + 3x = -8 
4y + 3x — 3x = -8 — 3x Subtracting 3x 
4y = -3x — 8 Simplifying 
1 1 
= 4y = a (—3x — 8) Multiplying by } or dividing by 4 
Graph each equation and identify j l 
the y-intercept. Va 4 : (—3x) os x -8 Using the distributive law 
Pb Sy = she = =110) 3 
y= ~4e = 2: Simplifying 


Thus, 4y + 3x = —8 is equivalent to y = —3x — 2. The y-intercept is (0, —2). 
We find two other pairs using multiples of 4 for x to avoid fractions. We then 
complete and label the graph as shown. 


B VA 
0 —2 |<~— y-intercept 
30. 5y + 3x = 20 | 


4 =5 


-4 1 > 
x 
| 
=) 
) 
Do Exercises 29 and 30. J 
Answers 


(e) Applications of Linear Equations 


Mathematical concepts become more understandable through visualization. 
Throughout this text, you will occasionally see the heading >< Algebraic 
Graphical Connection, as in Example 11, which follows. In this feature, the 
algebraic approach is enhanced and expanded with a graphical connection. 
Relating a solution of an equation to a graph can often give added meaning to 
the algebraic solution. 


! EXAMPLE 11. World Population. The world population, in billions, is 
estimated and projected by 


RY 


y = 0.072x + 4.593, 


where x is the number of 
years since 1980. That is, 

x = O corresponds to 1980, 
x = 12 corresponds to 1992, 
and so on. 

Source: U.S. Census Bureau 
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a) Determine the world population in 1980, in 2005, and in 2030. 


b) Graph the equation and then use the graph to estimate the world popula- 
tion in 2015. 


c) In what year would we estimate the world population to be 7.761 billion? 


a 


ha 


The years 1980, 2005, and 2030 correspond to x = 0,x = 25, and x = 50, 
respectively. We substitute 0, 25, and 50 for x and then calculate y: 


y = 0.072(0) + 4.593 = 0+ 4.593 = 4.593; 
y = 0.072(25) + 4.593 = 1.8 + 4.593 = 6.393; 
y = 0.072(50) + 4.593 = 3.6 + 4.593 = 8.193. 


The world population in 1980, in 2005, and in 2030 is estimated to be 4.593 
billion, 6.393 billion, and 8.193 billion, respectively. 


x Algebraic-Graphical Connection 


b) We have three ordered pairs from part (a). We plot these points and 
see that they line up. Thus our calculations are probably correct. 
Since we are considering only the year 2015 and the number of 
years since 1980 (x = 0) and since the population, in billions, for 
those years will be positive (y > 0), we need only the first quadrant 
for the graph. We use the three points we have plotted to draw a 
straight line. (See Figure 1.) 


FORMING A STUDY GROUP 


Consider forming a study group 
with some of your fellow students. 
Exchange e-mail addresses, 
telephone numbers, and schedules 
so that you can coordinate study 
time for homework and tests. 


x 


y VA 
= 39 9 
a a 
=. S 8} about 7.1 
= a le 
57 (25, 6.393) 57 
& 6 & 6 
a y = 0.072x + 4.593 = | 
~° oo ly = 0.072x + 4.593 
‘5 ‘ ly= 0. 2 St 
4 34 i 
= =} 
S 3 S 3 
a [or 
m2 Zs 2 
xu =] i 
= 1 = 1 | 

> 
0 10 2 30 40 #50. x 0 10 20 303540 50 
(1980) (2030) (1980) (2015) (2030) 


Years since 1980 Years since 1980 


FIGURE 1 FIGURE 2 

To use the graph to estimate world population in 2015, we first 
note in Figure 2 that this year corresponds to x = 35. We need to de- 
termine which y-value is paired with x = 35. We locate the point on 
the graph by moving up vertically from x = 35, and then find the 
value on the y-axis that corresponds to that point. It appears that 
the world population in 2015 will be about 7.1 billion. 

To find a more accurate value, we can simply substitute into the 
equation: 


y = 0.072(35) + 4.593 = 7.113. 
The world population in 2015 is projected to be 7.113 billion. 


x 
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c) We substitute 7.761 for y and solve for x: 


31. Milk Consumption. Milk 
consumption per capita (per 
person) in the United States is 
given by 


y = 0.072x + 4.593 


7.761 = 0.072x + 4.593 


3.168 = 0.072x 
M = —0.271t + 27.952, aa 
=X. 
where M is the consumption, in 
gallons, t years from 1980. In 44 yr after 1980, or in 2024, the world population will be approximately 
Source: U.S. Department of Agriculture 7.761 billion. 


a) Find the per capita consump- 


tion of milk in 1980, in 1995, Do Exercise 31. 


and in 2015. 

b) Graph the equation and use Many equations in two variables have graphs that are not straight lines. 
the graph to estimate milk Three such nonlinear graphs are shown below. We will cover some such graphs 
consumption in 2010. in the optional Calculator Corners throughout the text and in Chapter 15. 

MA 
sal YA VA YA 
25 |. cm ; Y= |x| 

@ 20} Stele em 3 

= 15} 1 1 

& 10 54735251) L.'2. 34 5 x 3574737271) 1.2, 3-45 x 

op +2 +2 

23 —3 

0 5 10 15 2025 3035 7 +4 -4 

(1980) (2015) 5 “5 
Years since 1980 

c) In which year would the per 
capita consumption of milk (| Calculator Corner 
be 19.28 gal? 

Graphing Equations Equations must be solved for y before they 
can be graphed on the TI-84 Plus. Consider the equation 3x + 2y = 6. Solving for y, 
6 — 3x . . ; 
we get y = a a We enter this equation as y) = (6 — 3x)/2 on the equation- 
editor screen. Then we press (oom) ) to select the standard viewing window and 
display the graph. 
y = (6 — 3x)/2 
10 
Ploti Plot2 Plot3 
\Y1 BH (6—-3X)/2 
\Y2 = 
\Y3 = = 
He 10 [reer PN ii 19 
\Ys = 
\Yo = 
\Y7 = 
—10 
Exercises: Graph each equation in the standard viewing window [ —10, 10, —10, 10], 
with Xscl = land Yscl = 1. 
ly=2x+1 2.y=—-3x + 1 
Answer 3. y=-5x+3 4,y=4x-5 
31. (a) 27.952 gal; 23.887 gal; 18.467 gal; of ee — 
(b)about 198. gal; a 5. 4x — 5y = -10 6. 5y + 5 = —3x 
m0 7. y = 2.085x + 5.08 8. y = —3.45x — 1.68 


Gallons 
s&h 
la 


10 | M= -0.271t + 27.952 


+--+ ++ 
0 5 10 15 20 253035 ¢ 
(1980) (2015) 
Years since 1980 


(c) in 32 years, or in 2012 
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A For Extra Help = 
Exercise Set MyMail “eS SS & 


a) 


1. Plot these points. 2. Plot these points. 
(2,5) (1,3) (3,-2) (-2,-4) (4,4) (2,4) (5,-3) (—5,-5) 
(0,4) (0,5) (5,0)  (—5,0) (0,2) (4) (3,0)  (—4,0) 
Second Second 
axis A axis A 
5 5 
4 4 
3 3 
2 2 
1 1 
-5-4-3-2-i | 123 4 5 = Firet -5-4-3-2-1 [123 4 5 | First 
axis axis 
-2 -2 
-3 -3 
-4 -4 
-5 -5 


In which quadrant, if any, is each point located? 
3. (—5,3) 4. (1,-12) 5. (100, —1) 6. (—2.5, 35.6) 


7. (—6, -29) 8. (3.6, 105.9) 9. (3.8, 0) 10. (0, —492) 


115 2 9 7 1 5 
I. | = 12. | =s=> 133. 12-,=12 14. | 23—, 81.74 
( 3 ( 3 4 7 ( 8 >) ( 38 ) 


In which quadrant(s) can the point described be located? 


15. The first coordinate is negative and the second 16. The first and second coordinates are positive. 
coordinate is positive. 


17. The first coordinate is positive. 18. The second coordinate is negative. 
19. The first and second coordinates are equal. 20. The first coordinate is the additive inverse of the second 
coordinate. 
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b Find the coordinates of points A, B, C, D, and E. 


21. Second 
axis A 
5 
4 
3 Fs 
2 
1 
vc pe 
-5-4-3-2-1 | 123 4 5 First 
5 axis 
-3 
—5 


\ 


22. Second 
axis wN 
5 
4 
3 
2 A 
i e 
Cc E 
-5-4-3 eee 123 45 First 
D axis 
e —2 
—3 
—4 B 
—5@ 


[ C | Determine whether the given ordered pair is a solution of the equation. 


23. (2,9); y= 3x-1 


26. (0,5); 5x — 3y = 15 


24. (1,7); y= 2x +5 


27. (3,-1); 3a — 4b = 13 


25. (4,2); 2x + 3y = 12 


28. (—5,1); 2p — 3q = —13 


In Exercises 29-34, an equation and two ordered pairs are given. Show that each pair is a solution of the equation. Then use the 
graph of the equation to determine another solution. Answers may vary. 


29. y= x — 5; (4,—-1) and (1, —4) 


> 
—5-4-3-2-1 12345 x 


32. 3x + y = 7; (2,1) and (4, —5) 


( 
YA 


> 
—5-4-3-2-1 12345 x 


30. y = x + 3; (—1,2) and (3, 6) 


12345 :x 


33. 4x — 2y = 10; (0, —5) and (4, 3) 
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> 
12345 :x 


3l.y= =x + 3; (4,5) and (—2, 2) 


34. 6x — 3y = 3; (1, 


> 
12345 :x 


1) and (—1, —3) 


—5-4-3-2-1 


> 
12345 :% 
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d) Graph each equation and identify the y-intercept. 


x 


35.y=x4+1 36. y=x-1 
YA _ ¥. 
5 5 
=2 4 2 4 
3 3 
2 2 
=I : —1 1 
0 -5-4-3-2-1,| 12 3 4 5 = 0 ~5-4-3-2-1,| 12.3.4 5 
-2 -2 
1 —3 1 =3 
-4 -4 
15 ree 
2 2 
3 3 
ee A i 
37.y=x 38. y = -x 
5 5 
~2 4 9) 4 
3 3 
2 2 
=1 i ='l ‘ 
0 -5-4-3-2-1)| 12.3 4 5 % 0 -5-4-3-2-1,| 12345 Xx 
+2 -2 
1 —3 1 —3 
-4 -4 
£5 —5 
2 2 
3 3 
_——— ee a 
1 
39. y= 5x 
aS 
YA 
5 
4 
3 
2 
1 
> > 
-5-4-3-2-1,| 12345  % 12345 % 
+2 
+3 
“4 
+5 
AlLy=x-3 
YA 
5 
4 
3 
2 
1 
> 
-5-4-3-2-1,| 123.45. % 12345 % 
+2 
+3 
“4 
+5 
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43. y = 3x — 2 


> 
7574737271) 12345 x 


12345 


12345 
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> 
T5747372-1, 12345 x 


44, y= 2x+2 


12345 


—5-4-3-2-1 12345 


5 
48.x+y=4 = te 
YA VA 
5 5 
4 4 
3 3 
2 2 
1 1 
> > 
~5-4-3-2-1,/ 12345 % -5-4-3-2-1,| 12345 % 
+2 +2 
+3 -3 
-4 “4 
-5 “5 
51. x + 2y=8 52..x% + 2y=-6 
ZN VA 
5 5 
4 4 
3 3 
2 2 
1 1 
> 
~5-4-3-2-1,/ 12345 % ~5-4-3-2-1,| 12.3.4 5 
+2 =2 
+3 -3 
“4 -4 
-5 =5 


Graphs of Linear Equations 


x 
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3 1 
i ame eee 54.y=—5x—-3 55. 8x — 2y = —10 


VA y y 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 1 i 
_ = 
-5-4-3-2-1,| 12345 x —5—4-3-2-1,[ 123.45 % -5-4-3-2-1,[ 12345  % 
L2 L2 2 
-3 “3 -3 
-4 -4 -4 
5 5 5 
56. 6x — 3y = 9 57. 8y + 2x = —4 58. 6y + 2x = 8 
aN VA YA 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 i 1 
= — = 
—5-4-3-2-1,[ 123.45  % —5-4-3-2-1,[ 123.45 9% -5-4-3-2-1,[ 12345 0% 
2 2 L2 
-3 -3 -3 
—4 “4 -4 
5 5 “5 

.e ) Solve. 

59. Realtor Income. The median annual income R, in 60. International Visitors. The number of international 
dollars, for realtors has declined in recent years and visitors V, in millions, to the United States each year can 
can be approximated by be estimated and projected by 

R= —1698t + 52,620, V = 2.18t + 46.46, 
where tis the number of years since 2002. where tis the number of years since 2004. 
Source: National Association of Realtors Sources: TIA's Travel Forecast Model; U.S. Bureau of Labor Statistics, Office 


a) Find the median income in 2002, in 2007, and in et neve) anal Tiogtiam INGHstiies 


2010. a) Find the number of international visitors in 2004, in 
b) Graph the equation and then use the graph to 2007, and in 2012. 
estimate the median income in 2005. b) Graph the equation and use the graph to estimate the 


number of visitors in 2009. 


RA 
$60,000 VA 


50,000 80 
40,000 
30,000 
20,000 
10,000 


70 


Income 


60 


50 


> 
0 2 4 6 8 10 ¢ 
(2002) (2012) 


Years since 2002 


40 


International visitors to 
United States (in millions) 


> 
0 2 4 6 8 10 12¢ 
(2004) (2014) 
c) At this rate of decline, in what year will the median Years since 2004 


income be $37,3382 
c) In what year will the number of visitors be about 
68.3 million? 
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61. Bottled Water Consumption. The average number 
of gallons W of bottled water consumed each year 
by the U.S. consumer can be approximated by 
W = 1.8d + 16.44, 

where d is the number of years since 2000. 

Source: USDA/Economic Research Service 

a) Find the average number of gallons of bottled water 
consumed in 2001 (d = 1), in 2010, and in 2015. 

b) Graph the equation and use the graph to estimate 
what the bottled water consumption was in 2008. 


faa 


av 


0 5 10 15 20 
(2000) (2015) 
Years since 2000 


c) In what year will bottled water consumption be about 
36 gal? 


Skill Maintenance 


Find the absolute value. [7.2e] 


63. |—12| 64. [4.89] 


67. |—3.4| 68. | V/2| 


Solve. [8.5a] 

71. Older Patients. In recent years, 24% of U.S. hospital 
patients are age 75 and older. For a hospital with 
200 beds, approximately how many patients will be 
age 75 and older? 
Source: U.S. Centers for Disease Control and Prevention 


Synthesis 


73. The points (—1, 1), (4, 1), and (4, —5) are three vertices 
of a rectangle. Find the coordinates of the fourth vertex. 


75. Graph eight points such that the sum of the coordinates 
in each pair is 6. 


77. Find the perimeter of a rectangle whose vertices have 
coordinates (5, 3), (5, —2), (—3, —2), and (—3, 3). 
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62. Record Temperature Drop. On 22 January 1943, 
the temperature T, in degrees Fahrenheit, in 
Spearfish, South Dakota, could be approximated by 
T = —2.15m + 54, 

where ™ is the number of minutes since 9:00 that 

morning. 

Source: /nformation Please Almanac 

a) Find the temperature at 9:01 A.M., at 9:08 A.M., and at 
9:20 A.M. 

b) Graph the equation and use the graph to estimate the 
temperature at 9:15 A.M. 


A 


40 ee ee a ee ee 


20 


0 10 20 30 40 
Minutes since 9:00 A.M. 


c) The temperature stopped dropping when it reached 
—4°F, At what time did this occur? 


65. |0| 66. |-5| 
69. [5 70. |= 


72. Under 15 Years Old in India. It is projected that by 
2010, 363.5 million people in India will be under 15 years 
old. If the projected population in India in 2010 is 
1184 million, what percent will be under 15 years old? 
Source: U.S. Census Bureau, International Data Base 


74. Three parallelograms share the vertices (—2, —3), 
(—1, 2), and (4, —3). Find the fourth vertex of each 
parallelogram. 


76. Graph eight points such that the first coordinate minus 
the second coordinate is 1. 


78. Find the area of a triangle whose vertices have coor- 
dinates (0,9), (0, —4), and (5, —4). 
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(a) Graphing Using Intercepts 


In Section 9.1, we graphed linear equations of the form Ax + By = C by first 
solving for y to find an equivalent equation in the form y = mx + b. We did 
so because it is then easier to calculate the y-value that corresponds to a given 
x-value. Another convenient way to graph Ax + By = Cis to use intercepts. 
Look at the graph of —2x + y = 4 shown below. 

The y-intercept is (0, 4). It occurs YN 
where the line crosses the y-axis andthus ~ Ae 
will always have 0 as the first coordinate. 
The x-intercept is (—2, 0). It occurs where 
the line crosses the x-axis and thus will 
always have 0 as the second coordinate. 


(0, 4) y-intercept 


123 45 .x 


We find intercepts as follows. 


The y-intercept is (0, ). To find b, let 


x = 0 and solve the equation for y. yintercept 


The x-intercept is (7, 0). To find a, let 
y = 0 and solve the equation for x. 


x-intercept 


Now let’s draw a graph using intercepts. 


EXAMPLE 1 Consider 4x + 3y = 12. Find the intercepts. Then graph the 
equation using the intercepts. 


To find the y-intercept, we let x = 0. Then we solve for y: 


4-0+ 3y= 12 
3y = 12 
yH=A4, 


Thus, (0, 4) is the y-intercept. Note that finding this intercept amounts to 
covering up the x-term and solving the rest of the equation for y. 
To find the x-intercept, we let y = 0. Then we solve for x: 
4x+3-0= 12 
4x = 12 
x= 3; 


9.2 More with Graphing and Intercepts 


SKILL TO REVIEW 
Objective 8.3a: Solve equations using 
both the addition principle and the 
multiplication principle. 
Solve. 

1.5x —- 7= —-10 


vi 
2. -20 = —-x + 
0 aX 8 


1. Look at the graph shown below. 


a) Find the coordinates of the 


y-intercept. 
b) Find the coordinates of the 
x-intercept. 
Answers 
Skill to Review: 
3 
L-; 2. -16 
Margin Exercises: 


1. (a) (0, 3); (b) (4, 0) 
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For each equation, find the inter- 
cepts. Then graph the equation 
using the intercepts. 


Py Ose te By) = @ 


< x-intercept 


< y-intercept 


~< Check point 


3. 3y — 4x = 12 


~< x-intercept 
< y-intercept 


~< Check point 


Answers 


2x + 3y=6 3y — 4x = 12 


Thus, (3, 0) is the x-intercept. Note that finding this intercept amounts to 
covering up the y-term and solving the rest of the equation for x. 
We plot these points and draw the line, or graph. 


: 2 
3 0 <-x-intercept (—2, 63) 


0 4 <-y-intercept (0, 4) y-intercept 


4x + 3y=12 
—2 | 6§ |<Check point 2 


x-intercept 
(3, 0) 


x 


A third point should be used as a check. We substitute any convenient 


value for x and solve for y. In this case, we choose x = —2. Then 
4(—2) + 3y = 12 Substituting —2 for x 
—8 + 3y = 12 
3y = 20 Adding 8 on both sides 
y= 20 or 6 z Solving for y 


It appears that the point (-2, 65) is on the graph, though graphing fraction 
values can be inexact. The graph is probably correct. 


Do Exercises 2 and 3. 


Graphs of equations of the type y = mx pass through the origin. Thus the 
x-intercept and the y-intercept are the same, (0, 0). In such cases, we must 
calculate another point in order to complete the graph. Another point would 
also need to be calculated if a check is desired. 


EXAMPLE 2 Graph: y = 3x. 


We know that (0, 0) is both the x-intercept and the y-intercept. We calcu- 
late values at two other points and complete the graph, knowing that it passes 
through the origin (0, 0). 


5 
-1 -3 4 
x-intercept 3 
0 0 |< | (3) 
y-intercept 1|/--,.x-intercept 
1 3 123 45 
es 


y-intercept 
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a Calculator Corner 


Viewing the Intercepts Knowing the intercepts of a linear equa- 
tion helps us to determine a good viewing window for the graph of the equation. For 
example, when we graph the equation y = —x + 15 inthe standard window, we see 
only a small portion of the graph in the upper righthand corner of the screen, as 
shown on the left below. 


y=-xt+15 y=-x4+15 
10 25 


—25 
Xscl = 5 Yscl = 5 


Using algebra, as we did in Example 1, we find that the intercepts of the graph 
of this equation are (0,15) and (15, 0). This tells us that, if we are to see more of the 
graph than is shown on the left above, both Xmax and Ymax should be greater than 15. 
We can try different window settings until we find one that suits us. One good choice 
is [ —25, 25, —25, 25], with Xscl = Sand Yscl = 5, shown on the right above. 


Exercises: Find the intercepts of each equation algebraically. Then graph the equa- 
tion on a graphing calculator, choosing window settings that allow the intercepts to 
be seen clearly. (Settings may vary.) 


ly = —7.5x — 15 2. y — 2.15x = 43 
3. 6x — Sy = 150 4.y=0.2x—4 
5. y= 15x — 15 6. 5x — 4y = 2 
XN / 


‘b) Equations Whose Graphs Are Horizontal 
or Vertical Lines 


EXAMPLE 3 Graph: y = 3. 


The equation y = 3 tells us that y must be 3, but it doesn’t give us any 
information about x. We can also think of this equation as 0 - x + y = 3. No 
matter what number we choose for x, we find that y is 3. We make up a table 
with all 3’s in the y-column. 


Choose any number for x. —> 


3 =2 3 
3 y must be 3. 0 | 3 |<~—y-intercept 
3 4 3 

| ——__1 sy 


Graph. 
4. y = 2x 


Answers 
4. 
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5-43-21 


akone | eNana: 


TELE 


elf Meee aaa 


a4 
bebe 45 


Answers 
6. yr Ts VA 
4 : 4 
2 : 2 
43 [to 4 A ~—>) 2 
-2 : a rd 
A : 4 
x=5 y=-2 
8 VA 9 VA 
4 4 
2 2 
—4 2 2.4 . =4 i=2 FP] 
=9 22 
+4 =4 
x=-3 x=0 
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When we plot the ordered pairs (—2,3), (0,3), and (4,3) and connect the 
points, we obtain a horizontal line. Any ordered pair (x, 3) is a solution. So the 
line is parallel to the x-axis with y-intercept (0, 3). 


EXAMPLE 4 Graph: x = —4. 


Consider x = —4. We can also think of this equation asx + 0-y = —4. 
We make up a table with all —4’s in the x-column. 


number for y. 
-4 -4 
—4 x must be —4. —4 1 
—4 —-4 3 
-4 x-intercept >| —4 0 
ee! Ser 4 es oe | 


When we plot the ordered pairs (—4, —5), (—4, 1), (—4, 3), and (—4, 0) and 
connect the points, we obtain a vertical line. Any ordered pair (—4, y) is a solu- 
tion. So the line is parallel to the y-axis with x-intercept (—4, 0). 


HORIZONTAL AND VERTICAL LINES 


The graph of y = bisa horizontal line. The y-intercept is (0, )). 
The graph of x = ais a vertical line. The x-intercept is (a, 0). 


Do Exercises 6-9. 


Graphs of Linear Equations 


The following is a general procedure for graphing linear equations. 


GRAPHING LINEAR EQUATIONS 


ASKING QUESTIONS 


Don't be afraid to ask questions in 


1. Ifthe equation is of the type x = aory = b, the graph will be a line class. Most instructors welcome 
parallel to an axis; x = ais vertical and y = bis horizontal. and encourage this. Other 
Examples. students often have the same 

questions you do. 
y y 
4->- x=2 4 y=3 


2. If the equation is of the type 3. If the equation is of the 


y = mx, both intercepts are 
the origin, (0, 0). Plot (0, 0) 
and two other points. 


Example. 


type y = mx + b, plot the 
y-intercept (0, b) and two 
other points. 


Example. 


(0, 1). 2-- 
(4,0) NS (4, 2) 
| | i | | | 
Seapozei. | te ga, oe 


4. If the equation is of the type Ax + By = C, but not of the type 
x = aory = b, then either solve for y and proceed as with the 
equation y = mx + Db, or graph using intercepts. If the intercepts 
are too close together, choose another point or points farther from 


the origin. 
Examples. 
VA 
5+ 
—3x+ 5y=15 
(0, 3) 
(—5, 0) 
ttt 
—5 -4-3-2-1 12345 * 
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Visualizing 
for Success 


Match each equation with its graph. 


1. 5y + 20 = 4x 


~-y=3 


- 3x + Sy 


. Sy + 4x = 20 


- Sy = 10 — 2x 


- Ax + Sy + 20 = 0 


- ox — 4y = 20 


. dy + 5x + 20 =0 


- Sy — 4x = 20 


~x=-3 


Answers on page A-18 


REVIEW 


READ 


: For Extra Help 
Exercise Set MyMathtab\y “te 4. 


(a) For Exercises 1-4, find (a) the coordinates of the y-intercept and (b) the coordinates of the x-intercept. 


1. yA 3. 


> 
—5-4-3-2-1 1.12345 % 


For Exercises 5-12, find (a) the coordinates of the y-intercept and (b) the coordinates of the x-intercept. Do not graph. 
5. 3x + 5y = 15 6. 5x + 2y = 20 7. 7x — 2y = 28 8. 3x — 4y = 24 


9. —4x + 3y = 10 10. —2x + 3y=7 11. 6x — 3 = 9y 12. 4y — 2 = 6x 


For each equation, find the intercepts. Then use the intercepts to graph the equation. 


13. x + 3y = 6 14.x + 2y=2 
ai : 
5 5 
0 ~<— y-intercept 4 0 ~<— y-intercept 4 
3 3 
. 2 is 2 
0 |<— x-intercept 1 0 x x-intercept : 
7574737271) 123 45 x 7574737271] 123 45 x 
py 2 ae 3 
L4 4 
L5 —5 
15. -x + 2y=4 16.-x+y=5 
5 5 
0 ~<— y-intercept 4 0 ~<— y-intercept 4 
3 3 
0 |<— x-intercept ; 0 |< intercept ; 
7574737271, 12345 x 2074-3 52ol) 12345 a 
je a — Fe 


13 -3 
LA -4 
L5 =—5 
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17. 3x + y=6 


~<— y-intercept 


~<— x-intercept 


19. 2y — 2 = 6x 


~<— y-intercept 


~<— x-intercept 


21. 3x —9 = 3y 


574737271, 123 4 5 x 


24. 2x — Sy = 10 


r23 45 :% 
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18. 2x + y=6 


“t “t 
5 5 
4 0 ~<— y-intercept 4 
3 3 
| 0 |< — x-intercept : 
-5-4-3-2-1,[ 12345 x -5-4-3-2-1,| 123.4 5 
2 2 
-3 “3 
“4 4 
5 5 
20. 3y — 6 = 9x 
5 5 
4 ~<— y-intercept 4 
3 3 
2 : 2 
7 ~<— x-intercept 7 
> 
-5-4-3-2-1,[ 123.45 9% -5-4-3-2-1,| 1 2.3.4 5 
2: (fs) #9 
-3 “3 
“4 -4 
5 —5 
22. 5x — 10 = 5y 23. 2x — 3y = 6 
ZN VA 
5 5 
4 4 
3 3 
2 2 
1 1 
> 
—5-4-3-2-1,[ 12345  % -5-4-3-2-1,[ 12345  % 
29, =) 
+3 +3 
4 4 
-5 “5 
25. 4x + Sy = 20 26. 2x + 6y = 12 
y VA 
5 5 
4 4 
3 3 
2 2 
1 1 
-5-4-3-2-1,[ 12345 x -5-4-3-2-1,] 12345 x 
Lo -2 
-3 43 
-4 “4 
-5 5 


Graphs of Linear Equations 
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27. 2x + 3y = 8 28.x-l=y 
YH VA 
5 5 
4 4 
3 3 
2 2 
1 1 
-5-4-3-2-1,| 12345 % -5-4-3-2-1,| 12345 Xx 
+2 +2 
+3 +3 
“4 “4 
+5 -5 
30. 2x -l=y 31.3x-2=y 
Nd YA 
5 5 
4 4 
3 3 
2 2 
1 1 
> 
~5-4-3-2-1,| 12.345 x -5-4-3-2-1,| 12345 Xx 
+2 +2 
-3 +3 
-4 -4 
-5 +5 
33. 6x — 2y = 12 34. 7x + 2y=6 
YA ZN 
5 5 
4 4 
3 3 
2 2 
1 1 
> > 
-5-4-3-2-1,/ 12345 % -5-4-3-2-1,| 12345 x 
+2 +2 
-3 -3 
-4 -4 
-5 +5 
36. —3x = 6y — 2 37. y— 3x = 0 
VA y 
5 5 
4 4 
3 3 
2 2 
1 1 
-5-4-3-2-1,[ 12345 % -5-4-3-2-1,| 12345 % 
+2 -2 
-3 -3 
“4 -4 
-5 -5 


29. 3x + 4y=5 


12345 


32. 4x — 3y = 12 


RY 


123 45 


BY 


12345 


BV 


12345 
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40.x=1 


VA y 
5 5 
4 il 4 
3 3 
2 2 
~2 : 1 ; 
> 
ay) ~5747372-1)) 1.2.3 4.5. x 1 ~-4-3-2-1)/ 123.45 5% 
- em) 
rs +3 
L4 4 
HB 25 
42,.y=—-4 
VA YA 
x y 
5 5 
4 —4 4 
3 3 
2 2 
1 = 1 
> 
~5-4-3-2-1, 12345 % -4 ~5-4-3-2-1,| 12345 Xx 
L92 —2 
43 -3 
“4 4 
-5 £5 
43. x = 2 44.x=3 45. y=0 46.y=—-1 
y VA y VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
~5-4-3-2-1,|. 123.45. x ~5-4-3-2-1,|.12.3.4.5. x ~5-4-3-2-1, [1.2.3.4 5 ~5-4-3-2-1,/ 123.45. x 
+2 42 +2 42 
-3 43 +3 43 
—4 “4 “4 -4 
o5 45 45 -5 
3 5 
47.xX = >= 48. x = ->= 49. 3y = -5 50. 12y = 45 
2 2 
VA VA YA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
-5-4-3-2-1,| 12345 Xx -5-4-3-2-1,| 12345 Xx ~5-4-3-2-1,| 1.2.3.4 5 ~5-4-3-2-1,| 12345. x 
+2 £2 -2 42 
43 43 23 +3 
4 4 +4 L4 
55 -5 -5 55 
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51.4x+3=0 52. —3x + 12 =0 


53. 48 — 3y =0 54. 63 + 7y = 0 


vy. y YA Jy 
5 5 20 10 
4 4 16 8 
3 3 12 6 
2 2 8 4 
1 1 4 2 
> > > 
-5-4-3-2-1,[ 12345 |x -5-4-3-2-1,[ 12345 % -20-16-12-8-4,,] 4 8 1216 20 x -10-8-6-4-2,] 24 6 810 x 
2 2 -8 -4 
+3 43 -12 -6 
-4 -4 -16 -8 
5 45 ~20 10 
Write an equation for the graph shown. 
55. 56. 57. 
YA y YA 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
> 
>5-4-3-2-1 [123 45. % -5-4-3-2 |,[ 12345 % -§-4-3-2-1,[. 123 [5 | % x 
+2 2 +2 
+3 3 43 
-4 4 -4 
45 5 +5 


Skill Maintenance 


Solve. [8.7e] 

59. —1.6x < 64 

6l.x + (x—- 1) < (x + 2) -(x +1) 
2x 

63. — -4=5 -2 
7 


Solve. [8.5a] 


65. Foreign-Born Residents. The population of Detroit is 


1,027,974, and it is estimated that 8.7% are foreign-born. 


How many of the residents of Detroit are foreign-born? 
Source: U.S. Census Bureau 


Synthesis 


67. Write an equation ofa line parallel to the x-axis and 
passing through (—3, —4). 


69. Find the value of k such that the graph of 3x + k = 5y 
has an x-intercept of (—4, 0). 


60. —12x — 71 = 13 
62. 6 — 18x = 4 — 12x — 5x 


7 
> — 
12 


66. Food Expenditure. The average American family 
spends 7% of its income on food. The Wilsons spent 
$3024 on food in a year. Estimate their annual income. 
Source: "Going Hungry in America,” by Peter Jaret. AARP Bulletin, Spring 2008 


68. Find the value of m such that the graph of y = mx + 6 
has an x-intercept of (2, 0). 


70. Find the value of k such that the graph of 4x = k — 3y 
has a y-intercept of (0, —8). 
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SKILL TO REVIEW 
Objective 7.4a: Subtract real 
numbers. 
Subtract. 

1. —4 — 20 

2. —21 —(-5) 


STUDY TIPS 


TUNE OUT DISTRACTIONS 


Do you often study in noisy places? 
If there is constant noise in your 
home, dorm, or other study area, 


consider finding a quiet place in 
the library—preferably a spot that 
is away from the main traffic areas 
so that distractions are kept to a 
minimum. 


Answers 


Skill to Review: 
1.-24 2. -16 


(a) Slope 


We have considered two forms of a linear equation, 
Ax + By=C and y=mx+ b. 


We found that from the form of the equation y = mx + b, we know that the 
y-intercept of the line is (0, b). 


y=mx + b. 


| 
_ 
2 The y-intercept is (0, /). 


What about the constant 7? Does it give us information about the line? Look 
at the following graphs and see if you can make any connection between the 
constant m and the “slant” of the line. 


2 2 10 3] 
y=3x-1 y=-3x-1 yoogr=1 Y=jox-1 


The graphs of some linear equations slant upward from left to right. 
Others slant downward. Some are vertical and some are horizontal. Some 
slant more steeply than others. We now look for a way to describe such possi- 
bilities with numbers. 

Consider a line with two points 
marked P and Q. As we move from 
P to Q, the y-coordinate changes from 
1 to 3 and the x-coordinate changes 
from 2 to 6. The change in yis 3 — 1, 
or 2. The change in xis 6 — 2, or 4. 


We call the change in y the rise and the change in x the run. The ratio 
rise/run is the same for any two points on a line. We call this ratio the slope of 
the line. Slope describes the slant of a line. The slope of the line in the graph 
above is given by 

rise thechangeiny 2 


1 
= ,Or—, Or 
run thechangeinx 4 2 


The slope of a line containing points (x), y;) and (x9, y2) is given by 


_ rise thechangeiny j2-y) 


run thechangeinx x2 — x) 
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In the preceding definition, (x, y;) and (x2, y2)—read “x sub-one, y sub- 
one and x sub-two, y sub-two”—represent two different points on a line. It 
does not matter which point is considered (x1, y,) and which is considered 
(x2, 2) so long as coordinates are subtracted in the same order in both the 
numerator and the denominator: 


Ya27 Vi _ Vi ~ 2 
Me Mi Ri 


EXAMPLE 1 Graph the line containing the points (—4, 3) and (2, —6) and 
find the slope. 

The graph is shown below. We consider (x, y;) to be (—4, 3) and (x2, y2) 
to be (2, —6). From (—4,3) and (2, —6), we see that the change in y, or the 
rise, is —6 — 3, or —9. The change in x, or the run, is 2 — (—4), or 6. 


Sigge= rise _ change a y 
run change inx 
_ y27 V1 
x X2 — X] 
_ =6= 3 
2-4) 
_79__9 ar 3 
6 6’ yx 
| 


When we use the formula 


_ 27 Vi 
es 
Xo — X1 

we must remember to subtract the y-coordinates in the same order that we 
subtract the x-coordinates. Let’s redo Example 1, where we consider (x1, y)) 
to be (2, —6) and (x2, y2) to be (—4, 3): 
changeiny 3-(-6) 9g 9 3 
changeinx -4-2 -6 6 2° 


Slope = 


Do Exercises 1 and 2. 


The slope of a line tells how it slants. A line with positive slope slants up 
from left to right. The larger the slope, the steeper the slant. A line with nega- 
tive slope slants downward from left to right. 


Later in this section, in Examples 7 and 8, we will discuss the slope of a 
horizontal line and of a vertical line. 


Graph the line containing the points 
and find the slope in two different 
ways. 


1. (—2, 3) and (3, 5) 


m is not defined. 


Answers 


Answers to Margin Exercises 1 and 2 are 
on p. 686. 


9.3 Slope and Applications 685 


l 


Find the slope of each line. 
3.y=4x+ 11 


By) = S36 ar £ 
v 2 
6 Ae, = 
Be 
Find the slope of each line. 
7.4x + 4y = 7 ] 
8. 5x — 4y = 8 
Answers 
= as 
5 3 
y 
(~2, 3) sp, 5) 
2 
=4, 2 2,4 se 
=2 
<4 
3.4 4-17 5. 
ol 
4 
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(b } Finding the Slope from an Equation 


It is possible to find the slope of a line from its equation. Let’s consider the 
equation y = 2x + 3, whichis in the form y = mx + b.The graph of this equa- 
tion is shown at left. We can find two points by choosing convenient values for 
x—say, 0 and 1—and substituting to find the corresponding y-values. We find 
the two points on the line to be (0, 3) and (1, 5). The slope of the line is found 
using the definition of slope: 


changeiny 5-3 2 
changeinx 1-0 1 


= 2. 


The slope is 2. Note that this is also the coefficient of the x-term in the equa- 
tion y = 2x + 3. 


DETERMINING SLOPE FROM 
THE EQUATION y = mx + b 


The slope of the line y = mx + bis m.To find the slope of a nonvertical 
line, solve the linear equation in x and y for y and get the resulting equa- 
tion in the form y = mx + b. The coefficient of the x-term, m, is the 
slope of the line. 


EXAMPLES Find the slope of each line. 


2. y= -ax+2 3. y= =x 
_ —3 = Slope Litt 
4.y=x+6 5. y = —0.6x — 3.5 
m = 1 = Slope | >m = —0.6 = Slope 


Do Exercises 3-6. 


To find slope from an equation, we may need to first find an equivalent 
form of the equation. 


EXAMPLE 6 Find the slope of the line 2x + 3y = 7. 
We solve for y to get the equation in the form y = mx + b: 


2x + 3y=7 
3y = -2x+ 7 


7 
Yonge ae This is y = mx + b. 


The slope is — 2 


Do Exercises 7 and 8. 


Equations 


What about the slope of a horizontal line or a vertical line? 


EXAMPLE 7 Find the slope of the line y = 5. 


We can think of y = 5asy = Ox + 5. Then from this equation, we see that 
m = 0. Consider the points (—3, 5) and (4,5), which are on the line. The 
change in y = 5 — 5, or 0. The change in x = —3 — 4, or —7. We have 


_ 8 y 
mS S3—4 ee yoo 
A (-3, 5) i (4, 5) 
——— 3 
al, 7 Slope = 0 
= 0, 1 
> 
Any two points on a horizontal line ee en lleace semana 
have the same y-coordinate. The change -2 
in yis 0. Thus the slope of a horizontal eS 
line is 0. ys 


EXAMPLE 8 Find the slope of the line x = —4. 


Consider the points (—4,3) and (—4, —2), which are on the line. The 
change in y = 3 — (—2), or 5. The change in x = —4 — (—4), or 0. We have 


s= (2) a 
m = ————_ 
=t= (<9) x4? 
5 : Slope is 
= 0° Not defined (—4, 3) ; not defined. 
1 
-5 Bey 1 2 3.4.5 x 
—2 
(—4, 2) _ 


Since division by 0 is not defined, the slope of this line is not defined. The 
answer in this example is “The slope of this line is not defined.” } 


SLOPE 0; SLOPE NOT DEFINED 


The slope of a horizontal line is 0. 
The slope of a vertical line is not defined. 


Do Exercises 9 and 10. 


Calculator Corner 


Visualizing Slope 


Exercises: Graph each of the following 
sets of equations using the window 
settings [—6, 6, —4, 4], with Xscl = 1 
and Yscl = 1. 
ly=x, y= 2x, 
y = 5x, y = 10x 
What do you think the graph of 
y = 123x will look like? 
2y=x, y= 3x, 
y = 0.38x, y = 3x 
What do you think the graph of 
y = 0.000043 will look like? 
3. y= —-X, y= —2x, 
y= —5x, y= —10x 
What do you think the graph of 
y = —123x will look like? 
4.y=-x, y= —3x, 
y = -0.38x, y= —3x 
What do you think the graph 
of y = —0.000043x will look 
like? 


Find the slope, if it exists, of each 
line. 


9x=7 


10. y= —5 


Answers 
9. Not defined 10. 0 
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y Road grade = a 
(expressed as 
a percent) 


(c) Applications of Slope; Rates of Change 


Slope has many real-world applications. For example, numbers like 2%, 3%, 
and 6% are often used to represent the grade of a road, a measure of how 
steep a road on a hill or mountain is. For example, a 3% grade (3% = is) 
means that for every horizontal distance of 100 ft, the road rises 3 ft, anda 
—3% grade means that for every horizontal distance of 100 ft, the road drops 
3 ft. (Road signs do not include negative signs.) The concept of grade also 
occurs in skiing or snowboarding, where a 7% grade is considered very tame, 
but a 70% grade is considered extremely steep. And in cardiology, a physician 
may change the grade of a treadmill to measure its effect on heart rate 
(number of beats per minute). 


11. Construction. Public buildings 
regularly include steps with 7-in. 
risers and 11-in. treads. Find the 
grade of such a stairway. 


yin. 


a 


Tin, 


Architects and carpenters use slope when designing and building stairs, 
ramps, or roof pitches. Another application occurs in hydrology. When a river 
flows, the strength or force of the river depends on how far the river falls ver- 
tically compared to how far it flows horizontally. 


EXAMPLE 9 Skiing. Among the steepest skiable terrain in North America, 
the Headwall on Mt. Washington, in New Hampshire, drops 720 ft over a hori- 
zontal distance of 900 ft. Find the grade of the Headwall. 


720 ft 
Headwall 


900 ft >| 


The grade of the Headwall is its slope, expressed as a percent: 


720 <— Vertical change 
900 <— Horizontal change 


8 
To 80%. i 


Do Exercise 11. 


Answer 


i —_ 
11. 637% or 63.63% 
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Slope can also be considered as a rate of change. 


' EXAMPLE 10 Masonry. Jacob, an experienced mason, prepared 
a graph displaying data from a recent day’s work. Use the graph to 
determine the slope, or the rate of change of the number of bricks he 
can lay with respect to time. 


(11:00, 380 bricks) 


(9:00, 190 bricks) 


Number of bricks laid 
& 
o 


7:00 8:00 9:00 10:00 11:00 12:00 
AM. A.M. A.M. AM. AM. P.M. 


Time of day 


The vertical axis of the graph shows the number of bricks he has laid and 
the horizontal axis shows the time, in units of one hour. We can describe the 


rate of change of the number of bricks laid with respect to time as 12. Hair Cutting. Kiddie Kutters 
Bricks has a graph displaying data for 
7 , Or number of bricks laid per hour. a recent day’s work. Use the 
shal graph to determine the slope, 
This value is the slope of the line. We see two ordered pairs on the graph—in or rate of change of the number 


this case of haircuts with respect to time. 


(9:00, 190 bricks) and (11:00, 380 bricks). 


This tells us that in the 2 hr between 9:00 and 11:00, 380 — 190, or 190, bricks 
were laid. Thus, 


380 bricks — 190 bricks 


Rate of change = 


Number of haircuts completed 


11:00 — 9:00 
= ie = 95 bricks per hour. 
2 hours ) pee ee ee 
1:00 2:00 3:00 4:00 5:00 6:00 
Do Exercise 12. Time of day 
' EXAMPLE 11 Decreased uN 
Smoking. Each year in the a a 
United States, the percent of the a oe 
adult population who smoke 2 
declines. Use the graph atrightto & 2 = 
determine the slope, or rate of = 5 21 
change of the percent of the adult oe 5 si 
population who smoke with . (2007, 19.87%) 
respect to time. gE 619 
a < 
2000 2002 2004 2006 
Year 
SOURCES: U.S. Centers for Disease Control and Prevention, 
National Center for Health Statistics; Answer 
WebMD Health News 


12. 3 haircuts per hour 
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The vertical axis of the graph shows the percent of the adult population 


13. Farms with Milk Cows. Use who smoke and the horizontal axis shows the years. We can describe the rate 
Wee ee 219. ey a) oli atiai al of change of the percent who smoke with respect to time as 
the rate of change of the 
number of farms in the Change in percent who smoke change in percent who 
United States with milk cows. Years » OT smoke per year. 


This value is the slope of the line. We determine two ordered pairs on the 
graph—in this case, 


(2000, 23.2%) and (2007, 19.8%). 


This tells us that in the 7 yr from 2000 to 2007, the percent dropped from 
23.2% to 19.8%. Thus, 


100 (2001, 97,000) 


Farms with milk cows 
(in thousands) 
foo} 
Oo 


15 2006, 75,000 
He . Rate of change Bee See _ ae 0.5% per year 
ee ae et eee 8° ~ “2007 — 2000 go ere 
01 ‘02 '03 '04 '05 '06 ) 
Year 


Do Exercise 13. 


Answer 
13. —4400 farms with milk cows per year 


For Extra Help 
Math = 
MyMathLab ees LA gf READ REVIEW 


(2, 4) 


—5-4-3-2-1 1 3.45 


(2, —3) 
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Graph the line containing the given pair of points and find the slope. 
9. (—2, 4), (3,0) 


10. (2, —4), (-3,2) 11, (=4;0),(—5;-3) 12. (—3, 0), (-5, -2) 
y ZN y y, 
5 5 5 a] 
4 4 4 4 
3 3 3 3 
2 2 2 2 
il 1 1 1 
7574-37271) 123 45 oa 574737271) 123 45 C4 7574737271) 123 45 x ~574 7372-1) 12345 
2 —2 ee =e 
=S -3 =3 =3 
—4 —4 —4 —4 
—5 —5 —5 =5 
13. (—4, 1), (2, -3) 14. (3,5), (4, -3) 15. (5,3), (—3, —4) 16:(-4, 3), (25) 
VA VA VA VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
3874737271, 123 45 a wor 4r3r2rly 123 45 x 574737271, 123 45 x 3874737271, 123 45 
2 £9. +2 +2 
+3 +3 +3 +3 
4 4 +4 4 
5 =5 +5 +5 


Find the slope, if it exists, of the line containing the given pair of points. 


17. (2,—3), (5 


3 
2 


) 


21. (—11,7), (15, -3) 


18. (3,-1), (3,2) 


22. (—13, 22), (8, -17) 


( b) Find the slope, if it exists, of each line. 


25. y = —10x 


29. 3x —y=4 


10 
ore d 


26. y = 3 


30. -2x + y= 8 


19. (4, -2), (4,3) 


27. y = 3.78x — 4 


31. x + Sy = 10 


20.. (4, —8),(-2,-9) 


24, (0.2, 4), (0.2, —0.04) 


28. y = - 2x4 28 


32.x- 4y=8 
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33. 3x + 2y =6 


37,.y=2-x 


Al. 5x — 4y + 12 =0 


3 
45.x=-y-2 
5. xX red 


(c) In Exercises 49-52, find the slope (or rate of change). 


34. 2x — 4y = 8 


3 
aay te 


42. 16 + 2x — 8y =0 


1 
46. 3x —- ~y= -4 
x — sy 


49. Find the slope (or pitch) of the roof. 


1 
35. x = — a6.y-—3 


39. 9x = 3y + 5 40. d4y = 9x — 7 
43. y=4 44.x=-3 
47.2 oat 48 pe 
pe ane oe 


50. Find the slope (or grade) of the road. 


51. Find the slope of the river. 


52. Find the slope of the treadmill. 
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53. Grade of Transit System. The maximum grade allowed 


between two stations in a rapid-transit rail system is 
3.5%. Between station A and station B, which are 280 ft 
apart, the tracks rise 83 ft. What is the grade of the tracks 
between these two stations? Round the answer to the 
nearest tenth of a percent. Does this grade meet the 
rapid-transit rail standards? 


Source: Brian Burell, Merriam Webster's Guide to Everyday Math, 
Merriam-Webster, Inc., Springfield MA 


55. Farmland. The amount of farmland in the United 


States, in millions of acres, is represented in the 
following graph. Find the rate of change, rounded to 
the nearest ten thousand, of the number of acres with 
respect to time. 


960 


950 (2000, 945,000,000) 


940 
930 (2006, 932,000,000) 


920 


Acres of farmland (in millions) 


1999 2001 2003 2005 2007 
Year 
SOURCE: U.S. Department of Agriculture 


57. Population Growth of Nevada. The population of 


Nevada is illustrated in the following graph. Find the rate 
of change, to the nearest hundred, of the population 
with respect to time. 


Population (in thousands) 


54. Slope of Long’s Peak. Froma base elevation of 9600 ft, 
Long’s Peak in Colorado rises to a summit elevation of 
14,255 ft over a horizontal distance of 15,840 ft. Find the 
grade of Long’s Peak. 


In Exercises 55-58, use the graph to calculate a rate of change in which the units of the horizontal axis are used in the 
denominator. 


56. Movie Cost. The cost of movie tickets for a family of 


four is represented in the following graph. Find the rate 
of change, rounded to the nearest cent, of the cost of 
four tickets with respect to time. 


(2008, $28.32) 


15% (1993, $16.56) 


Cost of movie tickets 
for a family of four 


BE 


0 l l | | [I 
1993 1996 1999 2002 2005 2008 


Year 
SOURCE: Motion Picture Association of America 


58. Population Growth of Georgia. The population of 


Georgia is illustrated in the following graph. Find the 
rate of change, to the nearest hundred, of the population 
with respect to time. 


e 


Population (in millions) 
PFPNmMwWHERaADNDAOSD 
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59. Production of Blueberries. U.S. production of blue- 
berries is continually increasing. In 2004, 137,000 tons 
of blueberries were produced. By 2006, this amount 
had increased to 175,000 tons. Find the rate of change 
of the production of blueberries with respect to time. 
Source: U.S. Department of Agriculture 


Skill Maintenance 


Convert to fraction notation. [4.3b] 
61. 16% 62. 335% 


Solve. [8.5a] 
65. What is 15% of $23.80? 


67. Jennifer left an $8.50 tip for a meal that cost $42.50. 
What percent of the cost of the meal was the tip? 


69. Juan left a 15% tip for a meal. The total cost of the meal, 


including the tip, was $51.92. What was the cost of the 
meal before the tip was added? 


Synthesis 


In Exercises 71-74, find an equation for the graph shown. 
71. YA 72. 


60. 


63. 


Manufacturing Jobs. Employment in manufacturing in 
the United States has declined for decades. In 1960, 
approximately 28.5% of all jobs were in manufacturing. 
By 2007, this number had fallen to 10.1% of all jobs. 

Find the rate of change, rounded to the nearest tenth 

of a percent, of the percentage of jobs in manufacturing 
with respect to time. 


Source: U.S. Department of Labor 


37.5% 64. 75% 


. $7.29 is 15% of what number? 
. Kristen left an 18% tip of $3.24 for a meal. What was the 


cost of the meal before the tip? 


. After a 25% reduction, a sweater is on sale for $41.25. 
What was the original price? 


—5-4-3-2-1 
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We have learned that the slope of a line and the y-intercept of the graph of the 
line can be read directly from the equation if it is in the form y = mx + b. 
Here we use slope and y-intercept in order to examine linear equations in 
more detail. 


(a) Finding an Equation of a Line When the 
Slope and the y-Intercept Are Given 
We know from Sections 9.1 and 9.3 that in the equation y = mx + b, the 


slope is m and the y-intercept is (0, b). Thus we call the equation y = mx + b 
the slope-intercept equation. 


THE SLOPE-INTERCEPT EQUATION: y = mx + b 


The equation y = mx + bis called the slope-intercept equation. 
The slope is m and the y-intercept is (0, b). 


| EXAMPLE1 Find the slope and the y-intercept of 2x — 3y = 8. 
We first solve for y: 


2x —- 3y =8 VA 
—3y = -2x+ 8 Subtracting 2x T 
- —2x + 
— ieee 
=3 =3 
Ke =2% " 8 T 
—3 —3 2x — 3y =8 
eee 
a a 
—_ | 
_ 2 . F 8 
The slope is 3° The y-intercept is (0, 7 5). i 


| Do Margin Exercises 1-5. 


| EXAMPLE 2 Aline has slope —2.4 and y-intercept (0, 11). Find an equation 
of the line. 


We use the slope-intercept equation and substitute —2.4 for m and 11 
for b: 
y=mx-+b 


y= —-24x + 11. Substituting 


SKILL TO REVIEW 
Objective 9.3a: Given the coor- 
dinates of two points on a line, find 
the slope of the line, if it exists. 


Find the slope, if it exists, of the line 
containing the given pair of points. 
1. (3,0), (0,3) 

2. (—8, 5), (—8, —5) 


Find the slope and the y-intercept. 
lo y = 5x 


3 
2y= a° 6 
3. 3x + 4y = 15 
4.y=10+x 


5. —7x — by = 22 


Answers 


Skill to Review: 
1. -1 2. Not defined 


Margin Exercises: 
1. Slope: 5; y-intercept: (0, 0) 


2. Slope: -$ y-intercept: (0, —6) 


w 


3. 15 
. oye ft: 0, —— 
Slope ri y-intercep (0 2) 
. Slope: 1; y-intercept: (0, 10) 


_ 


22 
5. Slope: — 4 y-intercept: (0, - 2) 
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. EXAMPLE 3 Aline has slope 0 and y-intercept (0, —6). Find an equation 
of the line. 


We use the slope-intercept equation and substitute 0 for m and —6 for b: 


y=mx+b V4 
y=0x+(-6) — Substituting ae 
t q 
y= -6. -4 “eot 24 X 
4T 
<—_—_ 
y=-6 


| EXAMPLE 4 Aline has slope —3 and y-intercept (0,0). Find an equation 
of the line. 


We use the slope-intercept equation and substitute -3 for mand 0 for b: 


y=mx+b y 
6. A line has slope 3.5 and _ 5 a at 
y-intercept (0, —23). Find yorge s+ ® Substituting t 
an equation of the line. y= -2x. 
7. Aline has slope 0 and 
y-intercept (0, 13). Find 
an equation of the line. y=- 2 5 
8. A line has slope —7.29 and ) 
y-intercept (0, 0). Find an 
equation of the line. Do Exercises 6-8. ] 
(b>) Finding an Equation of a Line When 
the Slope and a Point Are Given 
Suppose we know the slope of a line and a certain point on that line. We can 
use the slope-intercept equation y = mx + bto find an equation of the line. 
To write an equation in this form, we need to know the slope m and the 
y-intercept (0, b). 
' EXAMPLE 5 Find an equation of the line with slope 3 that contains the 
point (4, 1). 
We know that the slope is 3, so the equation is y = 3x + b. This equation 
is true for (4, 1). Using the point (4, 1), we substitute 4 for x and 1 for yin 
y = 3x + b. Then we solve for b: 
y=3x+b Substituting 3 for min y = mx + b 
1=3(4) +b Substituting 4 for x and 1 for y 
1=12+b 
—ll =b. Solving for b, we find that the y-intercept is (0, —11). 
We use the equation y = mx + band substitute 3 for mand —11 for b: 
y=3xn— 11, 
Answers 
6. y=3.5x- 23 7 y=13 
8 y = —7.29x 
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This is the equation of the line with slope 3 and y-intercept (0, —11). Note 
that (4, 1) is on the line. 


’ EXAMPLE 6 Find an equation of the line with slope —5 that contains the 
point (—2, 3). 

We know that the slope is —5, so the equation is y = —5x + b. This equa- 

tion is true for all points on the line, including the point (—2, 3). Using the 

point (—2,3), we substitute —2 for x and 3 for yin y = —5x + b. Then we 


solve for b: 
y=-5x+b Substituting —5 for min y = mx + b 
3 = —5(-2) + b Substituting —2 for x and 3 for y 
3=10+b 
—7=b. Solving for b 


We use the equation y = mx + band substitute —5 for mand —7 for b: 
y= 5x — 7, 


This is the equation of the line with slope —5 and y-intercept (0,—7). aM equation ohinalnns die 
contains the given point and has the 


given slope. 
9. (4,2), m=5 


10. (=2,1), m= -3 


iil, (8,5), m =e 
y=-5x-7 i 


i, (AL, 2 = a 
Do Exercises 9-12. OE = 3 
(¢) Finding an Equation of a Line 

™ When Two Points Are Given 


We can also use the slope—intercept equation to find an equation of a line 
when two points are given. 


EXAMPLE 7 Find an equation of the line containing the points (2, 3) and 
(=2;2): 

First, we find the slope: 

i 
2-(-2) 4 
i oe . . ; Answers 

Thus, y = 7x + b. We then proceed as we did in Example 6, using either point ne ae eee 
to find b, since both points are on the line. ll. y=6r-13 12 y=—2x+! 
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Find an equation of the line 
containing the given points. 


13. (2,4) and (3,5) 


el, (11, 2) aiavel (8), =2)) 


SKILL MAINTENANCE 
EXERCISES 


We choose (2, 3) and substitute 2 for x and 3 for y: 


1 1 
y=4* +b Substituting 7 for miny=mx+b 
1 
3= 1° 2+ b Substituting 2 for x and 3 for y 
1 
3=—+b 
2 
5 ‘ 
os b. Solving for b 


We use the equation y = mx + band substitute j for m and 3 for b: 


cee 

ae 
This is the equation of the line with slope } and y-intercept (0, 2). Note that 
the line contains the points (2, 3) and (—2, 2). 


VA 
(—2, 2) 41 
+(2, 3) 
+++++++ +++++> 
-6-4-2 7, 24 Xx 
—2+ 
—4+ 
1 5 
Loge 


Do Exercises 13 and 14. | 


It is never too soon to begin review- 
ing for the final examination. The 
Skill Maintenance exercises found 
in each exercise set review and 
reinforce skills taught in earlier 
sections. Do all of these exercises 
even if your instructor does not 
assign them. Answers to both 
odd-numbered exercises and 
even-numbered exercises appear 


at the back of the book. 
Answers 
13. y=x+2 14. y=2x+4 
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For Extra Help ——— 


9.4 | BOs ya Mymethiab |) “2 S G  & 


® 
PRACTICE WATCH DOWNLOAD READ REVIEW. 


(a) Find the slope and the y-intercept. 


ly==-44-9 2.y= 2x +3 3. y = 1.8x 4. y = —27.4x 
5. —8x — 7y = 21 6. —2x — 8y = 16 7. 4x = 9y +7 8. 5x + 4y = 12 
9. —6x = 4y + 2 10. 4.8x — 1.2y = 36 ll. y= -17 12. y = 28 


Find an equation of the line with the given slope and y-intercept. 


13. Slope = —7, 14. Slope = 73, 15. Slope = 1.01, 
y-intercept = (0, —13) y-intercept = (0, 54) y-intercept = (0, —2.6) 
3 6 
16. Slope = — 2’ 17. Slope = 0, 18. Slope = 5? 


. 7 pantereepe = (0) y-intercept = (0,0) 
y-intercept = | 0, Th 


(b) Find an equation of the line containing the given point and having the given slope. 


3 1 
19. (—3,0), m= —2 20. (2,5), m=5 21. (2,4), m= 7 22. € 2), m=-1 
23. (2,-6), m= 1 24. (4,-2), m=6 25. (0,3), m= —3 26. (—2,-4), m= 0 


(c) Find an equation of the line that contains the given pair of points. 


27. (12, 16) and (1,5) 28. (—6, 1) and (2, 3) 29. (0, 4) and (4, 2) 30. (0, 0) and (4, 2) 
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31. (3, 2) and (1, 5) 32. (—4, 1) and (—1, 4) 


35. (—4, 5) and (—2, —3) 36. (—2, —4) and (2, -1) 


39. Halloween Spending. The line graph below shows 
Halloween spending per person in years x since 2001. 


Spending 


Years since 2001 


SOURCE: National Retail Federation 


a) Find an equation of the line. 

b) What is the rate of change of Halloween spending 
per person with respect to time? 

c) Use the equation to predict Halloween spending in 
2012. 


Skill Maintenance 


Solve. [8.3b, c] 


40. 


Aerobic Exercise. The line graph below describes the 
target heart rate T, in beats per minute, of a person of age 
a, who is exercising. The goal is to get the number of 
beats per minute to this target level. 


(20, 150) 
e 


(50, 2)" (80, 105) 


Target heart rate 
(in beats per minute) 
S 
ie 
i 


Age 
a) Find an equation of the line. 
b) What is the rate of change of target heart rate with 
respect to time? 
c) Use the equation to calculate the target heart rate ofa 
person of age 50. 


41. 3x — 4(9 — x) = 17 42. 2(5 + 2y) + 4y = 13 
1 2 
43. 4(a — 3) + 6 = 21 54 44. ri 3) = 6(9 — f) 
2 3 
45. 40(2x — 7) = 50(4 — 6x) 46. 3 ( 5) 3 (x + 5) 
47. 3x — 9x + 21x — 15x = 6x — 12 — 24x + 18 48. 3x — (9x + 21x) — 15x = 6x — (12 — 24x) + 18 
49. 3(x — 9x) + 21(x — 15x) = 6(x — 12) — 24(x + 18) 50. 3x — (9x + 21x — 15x) = 6x — (12 — 24x + 18) 
Synthesis 
51. Find an equation of the line that contains the point 52. Find an equation of the line that has the same y-intercept 
(2, —3) and has the same slope as the line as the line x — 3y = 6 and contains the point (5, —1). 
3x-y+4=0. 
53. Find an equation of the line with the same slope as the line 3x — 2y = 8 and the same y-intercept as the line 2y + 3x = —4. 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. Aslope of -3 is steeper than a slope of — 2 [9.3a] 


2. The slope of the line that passes through (a, b) and (c, d) is a — [9.3a] 


3. The y-intercept of Ax + By = C, B # 0,is (0, <), [9.2a] 


4. Both coordinates of points in quadrant IV are negative. [9.1la] 


Guided Solutions 
5. Given the graph of the line below, fill in the numbers that create correct statements. [9.2a], [9.3a], [9.4a] 
i a) The LJ-intercept is (LJ, —3). 
Pane b) The |_|-intercept is (L], 0). 


-—3 = 
c) The slope is = = 
“~t-t @ 


d) The equation of the line in y = mx + b form is 


Ve eee |omex 


6. Given the graph of the line below, fill in the letters that create correct statements. [9.2a], [9.3al, [9.4a] 


YA a) The x-intercept is ([_], [_]). 
b) The y-intercept is ({_], [_]). 
lie _| 
The sl = = 
(0, d) Cc) e slope is Hy. 
d) The equation of the line in y = mx + b form is 
(c, 0) x y= x+ 


Mixed Review 


Determine whether the given ordered pair is a solution of the equation. [9.1c] 


2 
eo (he ep Tyo IG) 8. ( 12); 6y = —3x +1 


Find the coordinates of the x-intercept and the y-intercept. [9.2a] 


1 
9. —3x + 2y = 18 10. x — 5 = loy 
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Graph. [9.1d], [9.2a, b] 


3 
26 y.= 3 = 35 13. y=-x+4 14.x=0 
VA y, VA Jy 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > > > 
Soe ele ac eS eee 2 a ea ee oto oe | me om ec 
-2 -2 ~2} -2 
-3 -3 -3 -3 
4 -4 -4 -4 
-5 -5 -5 -5 


Find the slope, if it exists, of the line containing the given pair of points. [9.3a] 
1 
15. (Z -6),(-2 4) 16. (6, —3), (—6, 3) 


Find the slope, if it exists, of the line. [9.3b] 
17. y = 0.728 18 13% = y = =5 19. 12x +7=0 


20. The population of Louisiana in 2000 was 4,468,976. The population in 2006 was 4,287,768. Find the rate of change, to the 
nearest hundred, of the population with respect to time. [9.3c] 


Match each equation with the characteristics listed at the right. [9.2b], [9.4a, b] 


21.y=—-l A. The slope is 1 and the x-intercept is (—1, 0). 

22.x= 1 B. The slope is —1 and the y-intercept is (0, —1). 

Fay ie ae Il C. The slope is not defined and the x-intercept is (1, 0). 
24.y=x-1 D. The slope is 0 and the y-intercept is (0, —1). 
25.y=x+1 E. The slope is 1 and the x-intercept is (1, 0). 


1 
26. Find an equation of the line with slope —3 that contains the point (- 3 3). [9.4b] 


Find an equation of the line that contains the given pair of points. [9.4c] 
1 1 
27. =. 8), (=. -6) 28. (3; —4), (Gav =) 29. (3, =*); (2, =a) 


Understanding Through Discussion and Writing 


30. Do all graphs of linear equations have y-intercepts? Why 31. The equations 3x + 4y = 8 andy = —#x + 2 are equiva- 
or why not? [9.2b] lent. Which equation is easier to graph and why? = [9.1d] 

32. If the graph of the equation Ax + By = Cis a horizontal 33. Explain in your own words why the graph of x = 7 isa 
line, what can you conclude about A? Why? = [9.2b] vertical line. [9.2b] 
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(a) Graphs Using the Slope 
and the y-Intercept 


We can graph a line if we know the coordinates of two points on that line. We 
can also graph a line if we know the slope and the y-intercept. 


) EXAMPLE1  Drawailine that has slope } and y-intercept (0, 2). 


We plot (0, 2) and from there move up 1 unit (since the numerator of } is 
positive and corresponds to the change in y) and fo the right 4 units (since the 
denominator is positive and corresponds to the change in x). This locates the 
point (4, 3). We plot (4, 3) and draw a line passing through (0, 2) and (4, 3) as 
shown on the right below. 


VA 
a Ne 6 
‘Slope=G 
a: 8 : Right 4: 3 
ere ee 
a 
ee: a ieee S 
=6~5=-4-$=2~1 | 123456 :% 
S edacit 2]. Oe at oe 
8}. 
We are actually graphing the equation y = 5x + 2. ) 


) EXAMPLE 2. Drawaline that has slope —{ and y-intercept (0, 4). 


We can think of — 5 as 3°. We plot (0, 4) and from there move down 2 units 
(since the numerator is negative) and to the right 3 units (since the denomi- 
nator is positive). We plot the point (3, 2) and draw a line passing through 


(0, 4) and (3, 2). 


VA 


We are actually graphing the equation y = — 2x + 4, ) 


| Do Exercises 1-3. 


1. Draw a line that has slope 2 and 
y-intercept (0, —3). What 
equation is graphed? 


2. Drawa line that has slope —2 
and y-intercept (0, —3). What 
equation is graphed? 


3. Draw a line that has slope 6 and 
y-intercept (0, —3). Think of 6 
as °. What equation is graphed? 


Answers 


Answers to Margin Exercises 1-3 are on p. 704. 


9.5 Graphing Using the Slope and the y-Intercept 703 


4. Graph y = 2x — 4 using the 
slope and the y-intercept. 


Answers 
1. 2. 
y y 
4 4 
2 2 
42 2 e 4-2 
=2 =2 
—4 —4 
2 
Y= 5x 3 
3. 
J 
4 
2 
i—4 i-2 rs 4 x 
-2 
y=6x-3 
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We now use our knowledge of the slope-intercept equation to graph 
linear equations. 


EXAMPLE 3 Graphy = ax + 5 using the slope and the y-intercept. 


From the equation y = 3x + 5, we see that the slope of the graph is 3 and 
the y-intercept is (0, 5). We plot (0, 5) and then consider the slope, 2. Starting 
at (0, 5), we plot a second point by moving up 3 units (since the numerator is 
positive) and to the right 4 units (since the denominator is positive). We reach 
a new point, (4, 8). 

We can also rewrite the slope as =. We again start at the y-intercept, 
(0,5), but move down 3 units (since the numerator is negative and corre- 
sponds to the change in y) and fo the left 4 units (since the denominator is 
negative and corresponds to the change in x). We reach another point, (—4, 2). 
Once two or three points have been plotted, the line representing all solutions 
of y = $x + 5 can be drawn. 


(4, 8): Vertical change = 3 
Horizontal change = 4 


y=4xt5 


Do Exercise 4. 


EXAMPLE 4 Graph 2x + 3y = 3 using the slope and the y-intercept. 


To graph 2x + 3y = 3, we first rewrite the equation in slope-intercept 
form: 


2x + 3y=3 
3y = -2x + 3 Adding —2x 
3° 3y =4(-2x + 3) Multiplying by} 
y= —2x +1. Simplifying 


To graph y = — ex + 1,we first plot the y-intercept, (0, 1). We can think of the 
slope as -<. Starting at (0, 1) and using the slope, we find a second point by 
moving down 2 units (since the numerator is negative) and to the right 3 units 
(since the denominator is positive). We plot the new point, (3, —1). Ina similar 
manner, we can move from the point (3, —1) to locate a third point, (6, —3). 
The line can then be drawn. 


Graphs of Linear Equations 


Since —2 = 4, an alternative approach is to again plot (0, 1), but this time Senin eee ne 
we move up 2 units (since the numerator is positive) and to the left 3 units (since ogee y : 
the denominator is negative). This leads to another point on the graph, (—3, 3). 


2x + 3y=3,or y 


2 
y=-qxtl 
5 


Vertical change = 2 
Horizontal change = —3 


-6 -5 -4-3 -2-1 
S Answer 

Vertical change = —2 

Horizontal change = 3 
—5 


) 
| Do Exercise 5. 


3x + 4y= 12 


t I 
For Extra Help ee nee q 


Exercise Set MyMathLab\) Ek. 


READ REVIEW 


(a) Draw a line that has the given slope and y-intercept. 


1. Slope 2. y-intercept (0, 1) 2. Slope 3; y-intercept (0, —1) 3. Slope 2; y-intercept (0, —2) 
VA VA y 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
-§-4-3-2-1,] 12345 x -5-4-3-2-1,| 12345 % ~5-4-3-2-1,| 12 3.4 5 % 
+2 +2 +2 
+3 +3 +3 
o4 +4 +4 
£5 +5. +5 
4. Slope 3, y-intercept (0, 1) 5. Slope —3, y-intercept (0, 5) 6. Slope -4 y-intercept (0, 6) 
VA VA y 
5 5 7 
4 4 6 
3 3 5 
2 2 4 
1 1 3 
~Sr4c35271) 1.2. 3) 4.5 a ~Sr4c35251) 1234 5 * : 
+2 +2 a eee eee 
La be -3-2-1,, 1234567 % 
+4 +4 +2 
+5 +5 +3 
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7. Slope —}; y-intercept (0, 3) 


—_ 
12345 :x 


-5-4-3-2-1 


Graph using the slope and the y-intercept. 


13. y = 2x +2 


> 
12345 % 


> 
12345 :%x 
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RY 


12345 


8. Slope 55 y-intercept (0, —4) 


14 


12345 


~y=-3x-1 


FPNMNwern 


eV 


12345 


FPNwohRUAUAN SD 


eV 


123 45 


—5-4-3-2-1 


t 
Re 
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12345 :x 


BY 


9. Slope 2; y-intercept (0, —4) 


12345 


BY 


BY 


12345 


BY 


12345 


> 
12345 :x 
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19. y= —3x-2 20. y= —$x+3 21. 2x +y=1 


y VA YA 
4 5 5 
3 4 4 
2 3 3 
i 2 2 
> 1 1 
~5-4-3-2-1,| 123.45 % = = 
5 —4-3-2-1,| 123.456 Xx -5-4-3-2-1,| 12345 Xx 
-3 -2 =2 
-4 -3 -3 
5 -4 -4 
6 -5 5 
22. 3x +y=2 23. 3x -y=4 24. 2x -—y=5 
VR VA 
5 5. 3 
4 4 2 
3 3 1 
2 2 > 
; ~5-4-3-2-1,| 12.345. Xx 
-2 
-5-4-3-2-1,| 12345 % -5-4-3-2-1,| 12345 Xx 3 
+2 i2 4 
+3. 43 —5: 
+4 +4 -6 
45. +5 +7. 
25. 2x + 3y = 9 26. 4x + 5y = 15 27. x — 4y = 12 
VA J VA 
5 8 5 
4 7 4 
3 6 3 
2 5 2 
1 4 1 
3 a 
-5-4-3-2-1,| 12345 % i -5-4-3-2-1,| 12345 % 
i2 1 +2 
+3 -3. 
4 —5-4-3-2-1,| 12345 % La 
45 29, £5 
28. x + Sy = 20 29.x + 2y=6 30. x — 3y = 9 
YA VA VA 
8 5 5. 
7 4 4 
6 3 3 
5 2 2 
4 1 1 
3 
‘ ~5-4-3-2-1,| 12345 % -5-4-3-2-1,| 12345 % 
1 +2. +2 
> -3 =3 
~5-4-3-2-1,| 12345 % a La 
£2 +5 “5 
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Skill Maintenance 


Find the slope of the line containing the given pair of points. [9.3a] 

31. (—2, —6), (8, 7) 32. (2, —6), (8, —7) 

33. (4.5, —2.3), (14.5, 4.6) 34. (—0.8, 2.3), (—4.8, 0.1) 

35. (—2, -6), (8, -6) 36. (—2, —6), (—2, 7) 

37. (11, -1), (11, -4) 38. (—3, 5), (8,5) 

39. Kidney Transplants. The number of kidney transplants 40. Liver Transplants. The number of liver transplants in 
in the United States has increased in recent years, as the United States has increased in recent years, as shown 
shown in the following graph. Find the rate of change of in the following graph. Find the rate of change of the 
the number of kidney transplants with respect to time. number of liver transplants with respect to time. Find 
Find the slope of the graph. [9.3c] the slope of the graph. [9.3c] 

2 uN i uN (2006, 6650) 
=I 17k (2006, 17,094) s 
x a 6F 
a. 16- at 
n | QD a 
EZ ul 2°) 
ee 5 =| 
= 1st 5 24h 
G2 12+ ca) 
8 4 eo 3 
ee el o 5 (1990, 2631) 
Bo ob (1990, 9358) 5) 2 
- ab a of 
5 ’ Zz 
4 ! ! ! ! ! 0 | | ! ! 
1990 1995 2000 2005 2010 1990 1995 2000 2005 2010 
Year Year 
SOURCE: U.S. Department of Health and Human Services, SOURCE: U.S. Department of Health and Human Services, 
Division of Transplantation Division of Transplantation 
Synthesis 
41. Refrigerator Size. Kitchen designers recommend that a 42. Wireless Service. Ina recent nationwide promotion, 


43. 


refrigerator be selected on the basis of the number of 
people in the household. For 1-2 people, a 16 ft? model 
is suggested. For each additional person, an additional 
1.5 ft? is recommended. If x is the number of residents 
in excess of 2, find the slope-intercept equation for the 
recommended size of a refrigerator. 


Graph the line with slope 2 that passes through the 
point (—3, 1). 
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Verizon charged a monthly phone-plan fee of $39.99 
plus 45¢ for each minute to non-Verizon customers 
above the 450 min included in the plan. If x is the 
number of minutes of calls above the 450-min limit, 
find the slope-intercept equation for the monthly bill. 
Source: Verizon 
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When we graph a pair of linear equations, there are three possibilities: 
1. The graphs are the same. 
2. The graphs intersect at exactly one point. 
3. The graphs are parallel. (They do not intersect.) 


Equations have 
the same graph. 


(a) Parallel Lines 


The graphs shown below are of the linear equations 


Graphs intersect at 
exactly one point. 


Graphs are parallel. 


y=2x+5 and y= 2x - 3. 


The slope of each line is 2. The y-intercepts, (0, 5) and (0, —3), are different. 
The lines do not have the same graph, do not intersect, and are parallel. 


PARALLEL LINES 


Parallel nonvertical lines have the same slope, m, = mo, and 
different y-intercepts, b} # bo. 


Parallel horizontal lines have equations y = p and y = q, where 
p # @. 
Parallel vertical lines have equations x = p and x = q, where p # q. 


By simply graphing, we may find it difficult to determine whether lines 
are parallel. Sometimes they may intersect very far from the origin. We can 
use the preceding statements about slopes, y-intercepts, and parallel lines to 
determine for certain whether lines are parallel. 


9.6 


SKILL TO REVIEW 
Objective 9.3b: Find the slope of a 
line from an equation. 


Find the slope, if it exists, of each line. 
1. 7y — 2x = 10 
2.x - 13y=-1 


STUDY TIPS 


BEING A TUTOR 


Try being a tutor for a fellow stu- 
dent. Understanding and retention 
of concepts can be increased for 
yourself if you explain the material 
to someone else. 


Answers 
Skill to Review: 


Parallel and Perpendicular Lines 709 


Determine whether the graphs of 


each pair of equations are parallel. 


ly -— 3x =1, 
=D = S85 SP 
745 Ss — i) = 5), 
Y= ses —2 
Answers 


1. No 2. Yes 


(| 


EXAMPLE 1 Determine whether the graphs of the lines y = —3x + 4 and 
6x + 2y = —10 are parallel. 


The graphs of these equations are shown below. They appear to be par- 
allel, but it is most accurate to determine this algebraically. 

We first solve each equation for y. In this case, the first equation is already 
solved for y. 


a) y= -3x4+ 4 
b) 6x + 2y = —10 


2y = —6x — 10 
y = 2(~6x — 10) 
0 a> ie 


The slope of each line is —3. The y-intercepts are (0, 4) and (0, —5), which are 
different. The lines are parallel. 


Do Exercises 1 and 2. 


‘b) Perpendicular Lines 


Perpendicular lines in a plane are lines that intersect at a right, or 90°, angle. 
The lines whose graphs are shown below are perpendicular. You can check 
this approximately by using a protractor or placing the corner of a rectangu- 
lar piece of paper at the intersection. 


The slopes of the lines are 2 and — }. Note that 2 (- 4 = —1. That is, the 
product of the slopes is —1. 


PERPENDICULAR LINES 


° Two nonvertical lines are perpendicular if the product of their 
slopes is —1, m, - Mz = —1. (If one line has slope m, the slope of 
the line perpendicular to it is —1/m.) 


° Ifone equation in a pair of perpendicular lines is vertical, then the 
other is horizontal. These equations are of the form x = aandy = b. 
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EXAMPLE 2 Determine whether the graphs of the lines 3y = 9x + 3 and 
6y + 2x = 6 are perpendicular. 

The graphs are shown below. They appear to be perpendicular, but it is 
most accurate to determine this algebraically. 

We first solve each equation for y in order to determine the slopes: 


a) 3y=9x+3 
y = 3(9x + 3) 
y= 3x41; 
b) 6y + 2x =6 
6y = —2x + 6 
y = a(—2x + 6) 
y=-4xt+ 1. 


The slopes are 3 and -i, The product of the slopes is 3(-3) = —1. The lines 
are perpendicular. 


BY 


| Do Exercises 3 and 4. 


a Calculator Corner 


Parallel Lines Graph each pair of equations in Margin Exercises 1 and 
2 in the standard viewing window, [—10, 10, —10, 10]. (Note that each equation must 
be solved for y so that it can be entered in "y =" form on the graphing calculator.) 
Determine whether the lines appear to be parallel. 


Perpendicular Lines Graph each pair of equations in Margin Exercises 3 
and 4 in the window [—9, 9, —6, 6]. (Note that the equations in Margin Exercise 4 
must be solved for y so that they can be entered in “y =" form on the graphing 
calculator.) Determine whether the lines appear to be perpendicular. Note (in the 
viewing window) that more of the x-axis is shown than the y-axis. The dimensions 
were chosen to more accurately reflect the slopes of the lines. 


9.6 Parallel and Perpendicular Lines 


Determine whether the graphs 
of each pair of equations are 


perpendicular. 


8 
36V= =o: G 
Me Te 
Ve 


4. 4x — 5y = 8, 
6x + 9y = -12 


4 
3 


Answers 


3. Yes 


4. No 
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(a) Determine whether the graphs of the equations are parallel lines. 


lx+4=y, 2.3x-4=y, 3. y + 3 = 6x, 4. y = —4x + 2, 
Yr ea S38 y-3x=8 =6x = y= 2 =5 = =2y +: 8% 
5. 10y + 32x = 16.4, 6. y = 64x + 8.9, 7y=2x+7, 8. y + 5x = —6, 
y + 3.5 = 0.3125x Sy — 32x =5 Sy + 10x = 20 3y + 5x = -15 
9. 3x -y=—-9, 10. y — 6 = —6x, ll. x = 3, 12. y= 1, 
2y — 6x = —2 -a2x+y=5 LS ye-2 


(b) Determine whether the graphs of the equations are perpendicular lines. 


2 
13. y = —4x + 3, ye. Bea 15.x+y=6, 16. 2x — 5y = —3, 
4y+x=-l 4y — 4x = 12 5x + 2y=6 
3x + 2y = 1 
17. y = —0.3125x + 11, 18. y = —6.4x — 7, 19. y= —-x + 8, 20. 2x + 6y = —3, 
y — 3.2x = -14 64y — 5x = 32 z-y=-1 12y = 4x + 20 
1 
a, eos Si, ee aa 23. x = 0, 24. x = —3, 
8 2 2 4 = 20h - 
4 3 a ye 
3° yr a* y=4 


(a), (b) Determine whether the graphs of the equations are parallel, perpendicular, or neither. 


25. 3y + 21 = 2x, 26. 3y + 21 = 2x, 27. 3y = 2x — 21, 28. 3y + 2x + 7=0, 
3y = 2x + 24 2y = 16 — 3x 2y — 16 = 3x 3y = 2x + 24 
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Skill Maintenance 


In each of Exercises 29-36, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


29. Equations with the same solutions are called vertical 
[8.1b] horizontal 
30. The for equations asserts that when we subtract vane 
the same number on both sides of an equation, we get an equiva- addition principle 


lent equation. [8.1b] multiplication principle 


31. The for equations asserts that when we multiply coctinlent 
or divide by the same nonzero number on both sides of an equa- equivalent equations 
tion, we get an equivalent equation. [8.2a] slope 
x-intercept 
32. lines are graphs of equations of the type ; y 
y=b. [9.2b] y-intercept 
parallel 
33. lines are graphs of equations of the type perpendicular 
x=a. [9.2b] 
34. The of a line is a number that indicates how the 
line slants. [9.3a] 
35. The of a line, if it exists, indicates where the line 
crosses the x-axis. [9.2a] 
36. The___—Cs—CSSSCSoff'a line, if it exists, indicates where the line 
crosses the y-axis. [9.2a] 
Synthesis 
37. Find an equation ofa line that contains the point (0, 6) 38. Find an equation of the line that contains the point 
and is parallel to y — 3x = 4. (—2, 4) and is parallel to y = 2x — 3. 
39. Find an equation of the line that contains the point (0, 2) 40. Find an equation of the line that contains the point (1, 0) 
and is perpendicular to 3y — x = 0. and is perpendicular to 2x + y = —4. 
41. Find an equation of the line that has x-intercept (—2, 0) 42. Find the value of k such that 4y = kx — 6 and 
and is parallel to 4x — 8y = 12. 5x + 20y = 12 are parallel. 


43. Find the value of k such that 4y = kx — 6 and 5x + 20y = 12 are perpendicular. 


The lines in the graphs in Exercises 44 and 45 are perpendicular and the lines in the graph in Exercise 46 are parallel. Find an 
equation of each line. 


44, 45. 46. 
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SKILL TO REVIEW 
Objective 8.7a: Determine whether 
a given number is a solution of an 
inequality. 


Determine whether each number is 
asolution of x = —14. 
1. —26 


2. —14 


1. Determine whether (4, 3) is a 
solution of 3x — 2y < 1. 


2. Determine whether (2, —5) isa 
solution of 4x + 7y = 12. 


Answers 
Skill to Review: 
1. No 2. Yes 


Margin Exercises: 
1.No 2. No 
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A graph of an inequality is a drawing that represents its solutions. An inequal- 
ity in one variable can be graphed on the number line. An inequality in two 
variables can be graphed on a coordinate plane. 


(a) Solutions of Inequalities in Two Variables 


The solutions of inequalities in two variables are ordered pairs. 


| EXAMPLE 1 Determine whether (—3, 2) is a solution of 5x + 4y < 13. 
We use alphabetical order to replace x with —3 and y with 2. 


5x + 4y < 13 
5(-3) + 4-2? 13 
-15+8 

-7 


TRUE 


Since —7 < 13 is true, (—3, 2) is a solution. ) 


| EXAMPLE 2 Determine whether (6, 8) is a solution of 5x + 4y < 13. 
We use alphabetical order to replace x with 6 and y with 8. 


5x + 4y < 13 
5(6) + 4(8) ? 13 
30 + 32 
62 FALSE 


Since 62 < 13 is false, (6, 8) is not a solution. ) 


Do Margin Exercises 1 and 2. 


(b) Graphing Inequalities in Two Variables 


| EXAMPLE 3 Graph: y > x. 


We first graph the line y = x. Every solution of y = x is an ordered pair 
like (3, 3) in which the first and second coordinates are the same. We draw the 
line y = x dashed (as shown on the left below) because its points are not so- 
lutions of y > x. 


Graphs of Linear Equations 


Now look at the graph on the right on the preceding page. Several ordered 
pairs are plotted in the half-plane above the line y = x. Each is a solution 
ely = WORKED-OUT SOLUTIONS 


We can check a pair such as (—2, 4) as follows: 
The Student’s Solutions Manual is 


yrx an excellent resource if you need 
4 ? —2 TRUE additional help with an exercise 


in the exercise sets. It contains 
step-by-step solutions to each 
odd-numbered exercise. 


It turns out that any point on the same side of y = x as (—2, 4) is also a solu- 
tion. If we know that one point in a half-plane is a solution, then all points in 
that half-plane are solutions. We could have chosen other points to check. 
The graph of y > x is shown below. (Solutions are indicated by color shading 
throughout.) We shade the half-plane above y = x. 


VA 
a 
ee eae : y 
(—2, 4). (1,5) 4__| For any point 
Ba ees “7 here, y = x. 
be 3 7. 
Po ine g 
e ee 
For any point (~3, 2) | 1 il 
neers TS + > 3. Graph: y < x. 


Do Exercise 3. 


A linear inequality is one that we can get from a linear equation by 
changing the equals symbol to an inequality symbol. Every linear equation 
has a graph that is a straight line. The graph of a linear inequality is a half- 
plane, sometimes including the line along the edge. 


To graph an inequality in two variables: 


1. Replace the inequality symbol with an equals sign and graph this 
related linear equation. 


2. Ifthe inequality symbol is < or >, draw the line dashed. If the 
inequality symbol is = or =, draw the line solid. 


3. The graph consists of a half-plane, either above or below or left 
or right of the line, and, if the line is solid, the line as well. To 
determine which half-plane to shade, choose a point not on the 
line as a test point. Substitute to find whether that point is a 
solution of the inequality. If it is, shade the half-plane containing 
that point. If it is not, shade the half-plane on the opposite side of 
the line. 


9.7 Graphing Inequalities in Two Variables 715 


4. Graph: 2x + 4y < 8. 


Graph. 
5. 3x — 5y < 15 


4. y 


TP T2S4S. x 


x 
> 
eo Ray 


2x +4y<8 
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EXAMPLE 4 Graph: 5x — 2y < 10. 


1. 


We first graph the line 5x — 2y = 10. The intercepts are (0,—5) and 
(2, 0). This line forms the boundary of the solutions of the inequality. 
Since the inequality contains the < symbol, points on the line are not 
solutions of the inequality, so we draw a dashed line. 


To determine which half-plane to shade, we consider a test point not on 
the line. We try (3, —2) and substitute: 


5x — 2y < 10 YA 
A 
5(3) — 2(-—2) ? 10 5 sod 
15+4 Tenement 4 i 
19 FALSE 5x— 2y<10--3 / 
Pee 7 
f 1 @,0)/ 
ne oe 1g2345 -% 
=e f %5 5 
—3 “4 ( »—2) 
il / 
-5¢ 
yf 0, —5) 


Since this inequality is false, the point (3, —2) is not a solution; no point 
in the half-plane containing (3, —2) is a solution. Thus the points in the 
opposite half-plane are solutions. The graph is shown above. 


Do Exercise 4. 


EXAMPLE 5 Graph: 2x + 3y = 6. 


1. 
2. 


First, we graph the line 2x + 3y = 6. The intercepts are (0, 2) and (3, 0). 


Since the inequality contains the = symbol, we draw the line solid to 
indicate that any pair on the line is a solution. 


Next, we choose a test point that is not on the line. We substitute to 
determine whether this point is a solution. The origin (0, 0) is generally 
an easy point to use: 
2x + 3y=6 
2:0+3:-026 
0 | TRUE 


We see that (0, 0) is a solution, so we shade the lower half-plane. Had the 
substitution given us a false inequality, we would have shaded the other 
half-plane. 


Do Exercises 5 and 6. 


Graphs of Linear Equations 


EXAMPLE 6 Graphx < 3 onaplane. 
There is no y-term in this inequality, but we can rewrite this inequality as 
x + Oy < 3. We use the same technique that we have used with the other 
examples. 
1. We graph the related equation x = 3 on the plane. 
2. Since the inequality symbol is <, we use a dashed line. 
3. The graph is a half-plane either to the left or to the right of the line x = 3. 
To determine which, we consider a test point, (—4, 5): 
x+0y<3 
—4+ 0(5) 2? 3 
-4| TRUE 


We see that (—4, 5) is a solution, so all the pairs in the half-plane contain- 
ing (—4, 5) are solutions. We shade that half-plane. 


¥, 
i 
oe sent 
: (Koo) A | 
aa 
Z 
: | 
: ; 
oS ae ra 5 
_2 j 
as =3 | 
soede 4 | 
= | 
v 


We see from the graph that the solutions of x < 3 are all those 
ordered pairs whose first coordinates are less than 3. 


EXAMPLE 7 Graph: y= —4. 


1. We first graph y = —4. YA 
2. We use a Solid line to indicate that all ae 
points on the line are solutions. 4 o 
3. We then use (2,3) as a test point and ar : an 
substitute: i 
Ox+y=-4 Eee 1p s 2 s % 
0(2) +3 2 -4 ae “2 


3 | TRUE 


Since (2, 3) is a solution, all points in the half-plane containing (2,3) are 
solutions. Note that this half-plane consists of all ordered pairs whose 
second coordinate is greater than or equal to —4. 


Do Exercises 7 and 8. 


@ Calculator Corner 


Graphs of Inequalities 
We can graph inequalities on a graphing 
calculator, shading the region of the 
solution set. To graph the inequality in Ex- 
ample 5, 2x + 3y = 6, we first graph the 
line 2x + 3y = 6,0ry = (6 — 2x)/3. 
After determining algebraically that the 
solution set consists of all points below 
the line, we use the graphing calculator's 
“shade below” graph style to shade this 
region. On the equation-editor screen, we 
position the cursor over the graph style 
icon to the left of the equation and press 
Ga repeatedly until the kk icon appears. 
Then we press to display the graph 
of the inequality. Some calculators also 
have an app that graphs inequalities. 


Exercise: 


1. Use a graphing calculator to 
graph the inequalities in 
Margin Exercises 6 and 8 
and in Example 7. 


Graph. 
lo > =Z Bys4 
m4 ae 
He) ie deed 5 
Al... geile. 
bis fas efi ie 
£2 2 
hed ui) Hp bd 1 i 
Seales. Ses oson 
; Ball isn E \ Sa, ae 
ABP ecbebesbesbecdeed (0 beabeedsedeed 3 
dh |e teehee ga eae as Sac aa 
<5 : <5 
Answers 
7. 8. 
J, 
* ay: 
eed 
if 
| 2 2 
| 
—4 =) rae Fs —4 2 2 4 . 
fond =D 
mer : 
v 
x>-3 y=s4 
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Visualizing 
for Success 


2 
: 
& 
g 
ot 
5) 
& 
ial 
) 
=| 
) 
ea 
5 
ot 
5) 
a 
Ss) 
oS 
® 
c 
£ 
o 
= 


graph. 


1. 3x —-5y = 15 


2. 3x + 5y = 15 


3. 3x + 5y = 15 


4. 3x — 5y 2 15 


6. 3x — 5y < 15 


7. 3x + 5y=15 


8 3x + 5y > 15 


9. 3x — 5y > 15 


10. 3x + 5y < 15 


Answers on page A-20 


For Extra Help 


Exercise Set MyMathLab 


mir, EG = 


PRACTICE WATCH DOWNLOAD READ REVIEW 


@) 


1. Determine whether (—3, —5) is a solution of 2. Determine whether (2, —3) is a solution of 
—x — 3y < 18. 5x — 4y 21. 
3. Determine whether (1, —10) is a solution of 4. Determine whether (—8, 5) is a solution of 
Ty = 9x = =3. x+0-y>A4. 
(b) Graph on a plane 
5. x > 2y 6. x > 3y eyV=x=—3 8B y=s=x-5 
VA ¥. YA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > > > 
i a ana A a onan ee wor4rsr2chyft 2. 38 4 8 x i a a ae De a: ae 
+2 -2 +2 +2 
3 +3 +3 3 
-4 -4 -4 4 
-5 =5 o5 =5 
X9Ry<x+1 10.y<x+4 llL.y=x-2 12,.y2=x-1 
VA YA ZN YA 
5 5 D 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
er eet ea enc eee ee est en oat ee a eee Sone pee ellos aig nea Asia Due’ 
+2 +2 +2 +2 
+3 +3 +3 +3 
4 -4 -4 4 
+5 -5 -5 -5 
13. ys 2x-1 14. y = 3x +2 15n.x+y=3 6.x+y=4 
y VA y VA 
5 5 5 is] 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
43-21) 12345. 8 eddy lesa. x xSe-4s-P [Les 4 5. x Bods ll 2348. x 
+2 +2 2 +2 
+3 +3 +3 +3 
ray 4 4. +4 
55 +5 +5 +5 
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x= y>7 


19, 2x + 3y = 12 


20. 5x + 4y = 20 


y y VA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
-5-4-3-2-1,/ 123.45 9% —5-4-3-2-1,[ 12345 Xx -5-4-3-3-1,[ 12345 > % ~5-4-3-2-1,| 12.3.4 5 % 
2 a) 2 +2 
+3 -3 -3 =3 
-4 -4 4 -4 
-5 -5 +5 -5 
21.y21- 2x 22. > 24:5 =1 23. 2x — 3y > 6 24. Sy — 2x = 10 
YA ¥ y y 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
es ins eae 8 ie er a ‘ OREM e MD ucnaenenuenone Oe id ee cect it On Pee ee aie eed ss i et eee are eg 
+2 +2 +2 -2 
“3 -3 -3 -3 
+4 -4 -4 -4 
-5 -5 “5 -5 
25.y=3 26.y > -1 27.x 2-1 28. x < 0 
y ZN y VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
wor4c8r2rhy}i4. 2.3.4.5. x TerAc3r2rhyp 2 34 8 x wor4c3r2rhy}4. 2.3.4.5. x wor4c38r2rhy| 12.34.50 x 
-2 +2 -2 +2 
23 +3 -3 +3 
-4 -4 -4 -4 
-5 -5 -5 -5 
Skill Maintenance 
Determine whether the graphs of the equations are parallel, perpendicular, or neither. [9.6a, b] 
29. Sy + 50 = 4x, 30. 5x + 4y = 12, 31. 5y + 50 = 4x, 32. 4x + 5y + 35 = 0, 
Sy = 4x + 15 Sy + 50 = 4x 4y = 5x + 12 Sy = 4x + 40 
Synthesis 
33. Elevators. Many elevators have a capacity of 1 metric 34. Hockey Wins and Losses. A hockey team determines 


ton (1000 kg). Suppose c children, each weighing 35 kg, 
and a adults, each weighing 75 kg, are on an elevator. 
Find and graph an inequality that asserts that the eleva- 
tor is overloaded. 


that it needs at least 60 points for the season in order to 
make the playoffs. A win w is worth 2 points and a tie t 
is worth 1 point. Find and graph an inequality that 
describes the situation. 
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9 Summary and Review 


Key Terms, Properties, and Formulas 


second quadrant, p. 657 
third quadrant, p. 657 
fourth quadrant, p. 657 
graph, p. 659 
x-intercept, p. 673 
y-intercept, p. 673 
horizontal line, p. 676 
vertical line, p. 676 


axes, p. 656 

origin, p. 656 
coordinates, p. 656 

first coordinate, p. 656 
abscissa, p. 656 

second coordinate, p. 656 
ordinate, p. 656 

ordered pairs, p. 656 


first quadrant, p. 657 rise, p. 684 
Slope = m= =. Parallel Lines: 
27 *] 
Perpendicular Lines: 


Slope-Intercept Equation: y = mx +b 


Concept Reinforcement 
Determine whether each statement is true or false. 
1. The x- and y-intercepts of y = mx are both (0,0).  [9.2a] 


[9.6a] 


. Parallel lines have the same y-intercept. 


[9.7a] 


5. The second coordinate of all points in quadrant III is negative. 


4. The ordered pair (0, 0) is a solution of y > x. 


A 
. The x-intercept of Ax + By = C, C # 0,is (4.0). [9.2a] 


1 
. The slope of the line that passes through (0, f) and (—t, 0) is rs 


Important Concepts 


Objective 9.1b Find the coordinates of a point on a graph. 


Example Find the coordinates of points Q, R, and S. Practice Exercise 


Point Qis 2 units to the left and 5 units 
up. Its coordinates are (—2,5). 

Point R is 3 units to the right and 2 units 
down. Its coordinates are (3, —2). 
Point S is 0 units to the left or right 


and 4 units down. Its coordinates are 
(0, —4). 


, 1 ; 
. Lines y = mx + sandy = — ma + t,m # 0, are perpendicular. 


run, p. 684 

slope, p. 684 

rate of change, p. 689 
slope-intercept equation, p. 695 
parallel lines, p. 709 
perpendicular lines, p. 710 
half-plane, p. 715 

linear inequality, p. 715 


Slopes equal, y-intercepts different 


Product of slopes = —1 


[9.6b] 


[9.1a] 


[9.3a] 


1. Find the coordinates of points F, G, and H. 


Summary and Review: Chapter 9 
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a 
Objective 9.1d Graph linear equations of the type y = mx + band Ax + By = C, identifying the y-intercept. 


Example Graph 2y + 2 = —3x and identify the y-intercept. Practice Exercise 


To find an equivalent equation in the form y = mx + b, 2. Graph x + 2y = 8 and identify the y-intercept. 
we solve for y: y = —3x — 1. The y-intercept is (0, —1). 

We then find two other pairs using multiples of 2 for x 
to avoid fractions. 


12345 5x 


Objective 9.2a Find the intercepts of a linear equation, and graph using intercepts. 


Example For 2x — y = —6, find the intercepts. Then use Practice Exercise 


the intercepts to graph the equation. 3. For y — 2x = —4, find the intercepts. Then use the 


To find the y-intercept, we let x = 0 and solve for y: intercepts to graph the equation. 
2-0-y=-6 and y=6. 
The y-intercept is (0, 6). 
To find the x-intercept, we let y = 0 and solve for x: 
2x-0=-6 and x=~—-3. 
The x-intercept is (—3, 0). 
We find a third point as a check. 


0 6 |< y-intercept 


—3 0 |< x-intercept 


Objective 9.2b Graph equations equivalent to those of the type x = aandy = b. 


Example Graph: y = 1 andx = aad Prnenee Papreises 
. Graph. 
For y = 1, no matter what number we choose for x, y = 1. 5 
The graph is a horizontal line. For x = — 3, no matter what ak a 5.x = 2 
number we choose for y, x = — 3. The graph is a vertical line. 
y 


=§-4-3-2--1 12345 x 
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a 


Objective 9.3a Given the coordinates of two points on a line, find the slope of the line, if it exists. 


Example Find the slope, if it exists, of the line containing Practice Exercises 
the given points. Find the slope, if it exists, of the line containing the given 
-—6:=3 =9 9 i 
(—9,3) and (5,-6): m= == +, pees 
5 =i) 14 14 6. (—8, 20), (—8, 14) 
1 1 2° 2 0 
(7, ) ana ( 13, }: ee — Ds 7. (2, -1), (16, 20) 
2 2 -13-7 —20 
8. (0.5, 2.8), (1.5, 2.8) 
O6isiandse 15) a 
= cone 06-06 0’ 
mis not defined. 
Objective 9.3b Find the slope of a line from an equation. 
Example Find the slope, if it exists, of each line. Practice Exercises 
a) 5x — 20y = —10 Find the slope, if it exists, of the line. 
We first solve for y: y = {x + 3. The slope is}. 9. x = 0.25 
10. 7y + 14x = —28 
b) y=-3 
ll.y=-5 


Think: y=0-x- - This line is horizontal. The slope is 0. 


c) x=6 


This line is vertical. The slope is not defined. 


Objective 9.4b Find an equation ofa line when the slope and a point on the line are given. 


Example Find the equation of the line with slope —2 that Practice Exercise 
contains the point (3, —1). 12. Find the equation of the line with slope 6 that contains 
y= —2x+b Substituting —2 for m in the point (—1, 1). 
y=mxt+b 
-1=~—2-3+b substituting 3 for x and —1 for y 
-l1=-6+b 
5=b Solving for b 


The equation is y = —2x + 5. 


Objective 9.4c Find an equation of a line when two points on the line are given. 


Example Find an equation of the line that contains (—10, 5) Practice Exercise 
and (2, —5). 13. Find an equation of the line that contains (7, -3) and 
sine= pee (1, —2). 
P 2=(-10) © e 
5 . . _ 5 
$=") 45 Substituting - pfat m, 2 for x, 
6 and —5 foryiny = mx + b 
5 
-5=- +b 
3 
= ~ =b Solving for b 
5 10 
The equation is y = — a 3° 


\ 


Summary and Review: Chapter 9 723 


a 


Example Determine whether the graphs of the equations 
are parallel, perpendicular, or neither: 
1 
2x-y=8 and page= 2, 


We solve each equation for y and determine the slope 
of each: 


The slopes are 

2 and — 3. 

The slopes are not the same. The lines are not parallel. 
The product of the slopes, 2 - (- 5), is —1. The lines are 
perpendicular. 


1 
y=2x—8 and yr-gx- 2. 


Objective 9.7b Graph linear inequalities. 


Example Graph: 3x — y < 3. 


We first graph the line 3x — y = 3. The intercepts 
are (0, —3) and (1, 0). Since the inequality contains the 
< symbol, points on the line are not solutions of the 
inequality, so we draw a dashed line. 


To determine which half-plane y . 
to shade, we consider a test point ae / 
not on the line. We try (0, 0): ay yea? | 

1 
3°09 -C <3 
0 <3. TRUE of 
We see that (0, 0) is a solution, so we y 


shade the upper half-plane. 


Review Exercises 


Find the coordinates of each point. [9.1b] 
LA 2.B 36 


Objectives 9.6a, b Determine whether the graphs of two linear equations are parallel, perpendicular, or neither. 


Practice Exercises 


Determine whether the graphs of the equations are 
parallel, perpendicular, or neither. 


eel 
y 2 

15. 2y —x = -4, 
x- 2y=-12 


Practice Exercise 
16. Graph: y — 3x = —3. 


Plot each point. [9.1a] 


4, (2,5) 5. (0, -3) 6a) 


> 
574737271) 123 45 x 
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a 
In which quadrant is each point located? [9.1a] 


7. (3, -8) 8. (—20, -14) 9. (4.9, 1.3) 


Determine whether each ordered pair is a solution of 
2y-x=10. [9.1c] 


10. (2, —6) 11. (0,5) 


12. Show that the ordered pairs (0, —3) and (2, 1) are solu- 
tions of the equation 2x — y = 3. Then use the graph of 
the equation to determine another solution. Answers 
may vary. [9.1c] 


> 
12345 :%x 


Graph each equation, identifying the y-intercept. [9.1d] 


3 
13. y= 2x—5 14. y= —-x 
4 
VA VA 
5 5 
4 4 
3 3 
2 2 
1 1 
> > 
~5-4-3-2-1,].1.2.3.4.5 &% -5-4-3-2-1)].12.3.45. x 
-2 2 
13 3 
+4 +4 
=5 =5 
1s. y=-x+4 16. y=3 — 4x 
VA VA 
5 5 
4 4 
3 3 
2 2 
1 1 
~5-4-3-2-1,/ 12345 % ~$-4-3-2-1)).1.2.3.4.5. % 
42 +2 
+3 +3 
-4 -4 
-5 -5 


Graph each equation. [9.2b] 


17,.y=3 18. 5x —-4=0 
y y 
5 5 
4 4 
3 3 
2 2 
1 1 
~§-4-3-2-1,| 12345 x -5-4-3-2-1)| 12345. % 
=2 =2 
23 +3 
4 4 
55 +5 


Find the intercepts of each equation. Then graph the 
equation. [9.2a] 


19. x — 2y=6 20. 5x — 2y = 10 

YA VA 

5 5 

4 4 

3 3 

2 2 

1 1 

> > 

—5-4-3-2-1,| 123.45 x -5-4-3-2-1,[ 12345 %& 

-2 -2 

=3 =3 

-4 -4 

=5 =5 
Solve. [9.le] 


21. Kitchen Design. Kitchen designers recommend that a 
refrigerator be selected on the basis of the number of 
people 7 in the household. The appropriate size S, in 
cubic feet, is given by 


3 
S=—n + 13. 
a 


a) Determine the recommended size of a refrigerator 
if the number of people is 1, 2, 5, and 10. 

b) Graph the equation and use the graph to estimate 
the recommended size of a refrigerator for 4 people 
sharing an apartment. 


S 


Refrigerator size 
(in cubic feet) 


0 10 20 n 
Number of people in household 


c) Arefrigerator is 22 ft?. For how many residents is it 
the recommended size? 


Summary and Review: Chapter 9 725 


a 
22. Snow Removal. By 3:00 PM., Erin had plowed 7 drive- 
ways and by 5:30 PM., she had completed 13. 


a) Find Erin’s plowing rate, in number of driveways 
per hour. [9.3c] 

b) Find Erin’s plowing rate, in minutes per driveway. 
[9.3c] 


23. Manicures. The following graph shows data from a 
recent day’s work at the O’Hara School of Cosmetology. 
What is the rate of change, in number of manicures 
perhour? [9.3c] 


A 
20 


Number of manicures completed 
—_ 
oO 


10:00 11:00 12:00 1:00 
ei Time of day 


Find the slope. [9.3a] 
24, y 25. VA 


12345 -x 


Graph the line containing the given pair of points and find 
the slope. [9.3a] 


26. (—5, -2), (5, 4) 27. (—5,5), (4,—4) 


> = 
—5-4-3-2-1 12345 xX .-5-4-3-2-1 12 .3:4.5 x 


+2 +2 
+3 +3 
+4 +4 
oD: <5 


28. Road Grade. At one point, Beartooth Highway in 
Yellowstone National Park rises 315 ft over a horizontal 
distance of 4500 ft. Find the slope, or grade, of the 
road. [9.3c] 


Find the slope, if it exists. [9.3b] 


29.y=-2x-3 30. 2x — 4y = 8 


31.x = =2 32. y=9 


Find the slope and the y-intercept. [9.4a] 
33. y = —9x + 46 


34.x+y=9 
35. 3x — Sy = 4 


Find an equation of the line with the given slope and 
y-intercept. [9.4a] 


36. Slope: —2.8; y-intercept: (0, 19) 
37. Slope: 3; y-intercept: (0, — 7) 


Find an equation of the line containing the given point 
and with the given slope. [9.4b] 


38. (1,2), m=3 
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a 


Find an equation of the line containing the given pair of 45. Draw a line that has slope 3 and y-intercept (0, —3). 
points. [9.4c] [9.5a] 
Al. (5,7) and (1,1) wR 

5 

4 

3 

2 

1 


i a 5-4-3-2-1,| 12.3.4 5 
—5-4-3-2- L x 


Solve. [9.4c] 


43. Prescriptions. The line graph below illustrates the 
number of prescriptions per year that are filled in the 
United States for years since 1997. 


46. Graph y = — 2x + 2 using the slope and the 
y-intercept. [9.5a] 


k y 
on Kes 5 
§ 5¢ 4 
I - 3 
4e 
; fe (10, 3515) 2 
2 36 ‘i 
= a 
nc) wor4csr2rly 123945 P 4 
a, 2 (0, 2316) 
ot Ls +2 
oO Pie 1 
fm ie 
a , v4 
ss ST £5 
0 12 3 4 5 67 8 9 10 
(1997) (2007) 


deatestnoe TISt 47. Graph 2y — 3x = 6 using the slope and the y-intercept. 
SOURCE: IMS Health and NACDS Economics Department (9.5a] 


a) Find an equation of the line. Let x = the number of y 
years since 1997. 

b) What is the rate of change of the number of prescrip- : 
tions filled annually with respect to time? 3 

c) Use the equation to find the number of prescrip- 2 
tions filled in 2006. l 


> 
—5-4-3-2-1 12345 x 


44, Draw a line that has slope —1 and y-intercept (0, 4). 
[9.5a] 
Determine whether the graphs of the equations are paral- 


‘i lel, perpendicular, or neither. [9.6a, b] 
; 48. 4x + y = 6, 49. 2x + y = 10, 
3 4x+y=8 y=5x-4 
2 
: " 50. x + 4y = 8, 51. 3x —y = 6, 
~5-4-3-2-1,].1.2.3.4.5 x x = —4y — 10 3x +y=8 

-2 
=3 
4 Determine whether the given point is a solution of the 
=5 inequality x — 2y> 1. [9.7a] 

52. (0,0) 53. (1,3) 

54. (4, -1) 
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(— » 


Graph ona plane. [9.7b] 59. Find the equation of the line with slope — 8 and 
55.x<y 56.x+ 2y=4 containing the point (—3, 8). [9.4b] 
8 55 3 
YR YR A. y=--x+— B.y=-= 
ye gt 3 yr 8 
5 5 8 
a 7 C. y= —- 5x D. 8y + 3x = —3 
3 3 3 
2 2 
1 1 


Ss 
—5-4-3-2-1 12345 a 75747372714 1234 5 x 


12 +2 
£3. +3 
+4 4 
+5 +5 
Synthesis 
57.x > —2 60. Find the area and the perimeter of a rectangle for 
y which (—2, 2), (7,2), and (7, —3) are three of the 


vertices. [9.la] 


5 
4 61. Gondola Aerial Lift. In Telluride, Colorado, there is a 
3 free gondola ride that provides a spectacular view of 
si the town and the surrounding mountains. The gondo- 
Ss las that begin in the town at an elevation of 8725 ft 
Bc rm es er ae ee ee travel 5750 ft to Station St. Sophia, whose altitude is 

r 10,550 ft. They then continue 3913 ft to Mountain 
Village, whose elevation is 9500 ft. [9.3c] 


Station St. Sophia 


™ _Elevation: - 10,550 ft 


, a 3913 ft 
Elevation: 9500 ft _~ a 


58. Select the statement that describes the graphs of the 
lines —x + $y = —-2and2y+x-8=0. [9.6a,b] 


A. The lines are parallel. A visitor departs from the town at 11:55 A.M. and with 
B. The lines are the same. no stop at Station St. Sophia reaches Mountain Village 
C. The lines intersect and are not perpendicular. at 12:07 PM. 

D. The lines are perpendicular. a) Find the gondola’s average rate of ascent and 


descent, in feet per minute. 
b) Find the gondola’s average rate of ascent and descent, 
in minutes per foot. 


Understanding Through Discussion and Writing 


1. Consider two equations of the type Ax + By = C. 4. Graph x < 1 on both the number line and a plane, and 
Explain how you would go about showing that their explain the difference between the graphs. [9.7b] 


raphs are perpendicular. [9.6b 
erp perp ae 5. Describe how you would graph y = 0.37x + 2458 


z 

5 

5 

2. Is the graph of any inequality in the form y > mx + b using the slope and the y-intercept. You need not : 
shaded above the line y = mx + b? Why or why not? actually draw the graph. [9.5a] 2 

9.7b 5 

sae 6. Consider two equations of the type Ax + By = C. S 

3. Explain why the first coordinate of the y-intercept is Explain how you would go about showing that their e) 
always 0. [9.1d] graphs are parallel. [9.6a] : 

\ J) 8 
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For Extra Help 
Tes 4A S Te st Pr Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
o) test Frep on DVD, in Mymathiab |) _ and on You{iji)° (search “BittingerDevMath” and click on “Channels"). 


In which quadrant is each point located? 


ee) Pe. (= 8, 8) 


Find the coordinates of each point. 


3. A 4. B 5. Show that the ordered pairs (—4, —3) and (—1, 3) are 
solutions of the equation y — 2x = 5. Then use the 
y graph of the straight line containing the two points to 
5 determine another solution. Answers may vary. 
4 
3 VA 
2 
. eee : 1|- 5 
Al. 
=5-4-3-2-1,| 12 3 4 5 A 3 
5 : 2 
ae 1 
B 
ra -5-4-3-2-1,[ 1234 5 x 
=5 a 
+2 
+3 
-4 
£5). 
Graph each equation. Identify the y-intercept. 
Ch = 2p — I 7. y = —3x 
YA aN 
5 5 
4) 4 
3 3 
2 2 
1 1 
=p=g=0= i || 128 2 Be === | 1 Bae Ss 
a |e) e | ee 2 
+4 4 
45 =) 


Graph each equation. 
8. 2x +8=0 9y=5 


2 : 
5 5 
A 4 
3 3 
2 | 2 
=a 
===) ae Ze -5-4-3-2-1,[ 12345 x 
=D +2 
—————— pea 3 
i4. +4 
£5. 3; 


Test: Chapter 9 729 


Find the intercepts of each equation. Then graph the equation. 


10. 


12. 


. 


13. 


PP SW ts) Ih, 236 = = 3 
Vy YA 
5) 5 
< x-intercept 4 < x-intercept 4 
5) 3 
< y-intercept z <y-intercept ‘ 
wer4csr2cly 2345 % Ses Se ee ihe Sy ee 
2, +2. 
a +3. 8) 
+4 +4 
£5, =e 


Private-College Costs. The yearly cost T, in thousands of dollars, of tuition and required fees at a private college (includes 
two- and four-year schools and does not include room and board) can be approximated by 

(= OL sr Wh8) 
where 77 is the number of years since 1990. That is, n = 0 corresponds to 1990, n = 5 corresponds to 1995, and so on. 
Source: Statistical Abstract of the United States, 2009 


a) Find the cost of tuition in 1990, in 1996, in 2005, and in 2010. 
b) Graph the equation and then use the graph to estimate the cost of tuition in 2015. 


wn 
FePrwn Wo 
Se en Se Sle er eri 


ON 2 So 67S SNOT SAMS GH WNS8NISr 20 Ret 2 23024525826) 972 


Tuition cost (in thousands) 


Number of years since 1990 


c) Predict the year in which the cost of tuition will be $28,800. 


Elevators. At 2:38, Serge entered an elevator on the 14. Train Travel. The following graph shows data 

34th floor of the Regency Hotel. At 2:40, he stepped off at concerning a recent train ride from Denver to Kansas 
the 5th floor. City. At what rate did the train travel? 

a) Find the elevator’s average rate of travel, in number ik 


of floors per minute. 
b) Find the elevator’s average rate of travel, in seconds 
per floor. 


Distance from Denver (in miles) 
ie) 
o 
o 


1:00 2:00 3:00 4:00 5:00 6:00 
ee Time of day 
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15. Find the slope. 16. Graph the line containing (—3, 1) and (5, 4) and find the 


slope. 
VA 
5 
4 
3 
2 
1 
ae ae 
-2 
=3 
-4 
-5 
17. Find the slope, if it exists. 18. Navigation. Capital Rapids drops 54 ft vertically over a 
a) 2x — 5y = 10 horizontal distance of 1080 ft. What is the slope of the 
b) x= -2 rapids? 
19. Draw a graph of the line with slope — 3 and y-intercept 20. Graph y = 2x — 3 using the slope and the y-intercept. 
(0), W)). 
(0,1) : 
VA 5 
5 4 
4 3 
3 2 
2 1 
it Za 
oe oe err oe 
Ss 
SS |e se 2D 
2 +3 
=) 4 
in +5 
-5 
Find the slope and the y-intercept. 
21. y = 2x - } 22. —4x + 3y = -6 
Find an equation of the line with the given slope and y-intercept. 
23. Slope: 1.8; y-intercept: (0, —7) 24. Slope: —3; y-intercept: (0, = 5 


Find an equation of the line containing the given point and with the given slope. 
25. (3,5),m=1 26. (—2,0),m = —3 


Find an equation of the line containing the given pair of points. 


tle (il, 11) earaval (2, =2)) 28. (4, —1) and (—4, —3) 


Test: Chapter 9 731 


29. Egg Production. The number of eggs produced in the eo uN 
United States has increased in recent years. The line Bea eo 
3 : 3 f ; 3 (6, 90.9) 
graph at right describes the increase in egg production, Zook 
in billions, for years since 2000. iy 
, : . % & go >, 84.7) 
a) Find an equation of the line. | 
b) What is the rate of change of the number of eggs S e 70 - 
produced with respect to time? o* 
c) Use the equation to estimate the number of eggs E 60h 
produced in 2012. 4 oe ee ee a 
(i he ae 
(2000) (2006) 
Years since 2000 
SOURCE: U.S. Department of Agriculture 
Determine whether the graphs of the equations are parallel, perpendicular, or neither. 
aU xe ap yy = (3); 31. 2x + 5y = 2, 32. x + 2y = 8, 
fe oe Vy oh y= 235 ae a S288 ar = te 
Determine whether the given point is a solution of the inequality 3y — 2x < —2. 
33. (0,0) 34. (—4, -10) 
Graph on a plane. 
Shh VV = ay = Il 36. 2x —-y=4 
y VA 
5 5 
4 4 
3 3 
2 2 
1 1 
> > 
2S Sa ee eT 2S |e 6 2 Be 
=? ae 
+3. cao) 
LA +4 
-5 -5 


37. Select the statement that best describes the graphs of the lines 15x + 2ly = 7 and 35y + 14 = —25x. 


A. The lines are parallel. B. The lines are the same. 
C. The lines intersect and are not perpendicular. D. The lines are perpendicular. 


Synthesis 


38. A diagonal of a square connects the points (—3, —1) and 39. Find the value of k such that 3x + 7y = 14 and 
(2, 4). Find the area and the perimeter of the square. ky — 7x = —3 are perpendicular. 
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Polynomials: 


Operations 


10.1 


10.2 Exponents and Scientific 
Notation 


Integers as Exponents 


10.3 Introduction to Polynomials | 


10.4 Addition and Subtraction 
of Polynomials 


MID-CHAPTER REVIEW 

10.5 Multiplication of Polynomials 
10.6 Special Products 

VISUALIZING FOR SUCCESS 


10.7 Operations with Polynomials _ a 
in Several Variables ' 


10.8 _ Division of Polynomials 


SUMMARY AND REVIEW 
TEST 


Real-World Application 


About 22,750,000 young people, ages 18-29, voted in the 2008 presidential election. 
Convert the number 22,750,000 to scientific notation. 
Source: Center for Information & Research on Civic Learning and Engagement, Tufts University 


This problem appears as Exercise 64 in Section 10.2. 
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SKILL TO REVIEW 
Objective 71a: Evaluate algebraic 
expressions by substitution. 


1. Evaluate 6y when y = 4. 


m 
2. Evaluate a m = 48 


andn = 8. 


What is the meaning of each of the 
following? 
52 2 


SaiGiae Aes 


a ane Gh 


Answers 

Skill to Review: 

1. 24 2. 6 

Margin Exercises: 

L859 52°5 Ze Ree ew 
3. 3¢-3¢ 4. 3+t-t 

5. (—x) » (—x) - (~x) + (~x) 

6 -l-y-y'y 
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We introduced integer exponents of 2 and higher in Section 1.6. Here we 
consider 0 and 1, as well as negative integers, as exponents. 


(a) Exponential Notation 


An exponent of 2 or greater tells how many times the base is used as a factor. 
For example, 


a:a:a:a=a’'. 
In this case, the exponent is 4 and the base is a. An expression for a power is 
called exponential notation. 


a” <— This is the exponent. 


This is the base. 


EXAMPLE 1 What is the meaning of 3°? of n4? of (2n)3? of 50x2? of 
(—n)3? of —n3? 

3° means 3-3-3°3°-3; n‘*meansn:-n-n-n; 

(2n)3 means 2n - 2n- 2n; 50x? means 50 - x: x; 


n> means—-1l-n-n-n j 


(—n)? means (—n) - (—n) - (=n); 


Do Margin Exercises 1-6. J 


We read exponential notation as follows: a” is read the nth power of a, or 
simply a to the nth, or a to the n. We often read x” as “x-squared.” The rea- 
son for this is that the area of a square of side x is x - x, or x. We often read x 
as “x-cubed.” The reason for this is that the volume of a cube with length, 
width, and height xis x - x - x, or x°. 


| 
| 
x x 
x 
x x 


(b) One and Zero as Exponents 


Look for a pattern in the following: 


On each side, 8-8-8:-8=84 On this side, 


we divide by 8 8-8-8 = 83 the exponents 
at each step. 8-8 = 82 decrease by 1 
at each step. 
8 = 8 
L=s. 


To continue the pattern, we would say that 


8=8! and 1= 8%. 


Polynomials: Operations 


We make the following definition. 


EXPONENTS OF O AND 1 


a! = a, for any number a; 


a° = 1, for any nonzero number a 


We consider 0° to be not defined. We will explain why later in this section. 


EXAMPLE 2 Evaluate 5!, (—8)!, 3°, (—7.3)°, and (186,892,046)°. Evaluate. 
a6! 8. 7° 
5t=5, (-8)'=-8 3°=1; 
(-7.3)9=1; (186,892,046) = 1 b 9. (8.4)! 10. 8654° 


| Do Exercises 7-12. 11. (-1.4)! 12. 0! 
(c) Evaluating Algebraic Expressions 


Algebraic expressions can involve exponential notation. For example, the 
following are algebraic expressions: 
x4, (3x)? -— 2, a* + 2ab+ b?. 


We evaluate algebraic expressions by replacing variables with numbers and STUDY TIPS 
following the rules for order of operations. —— 


HELPING OTHERS 


EXAMPLE 3 Evaluate 1000 — x* whenx = 5. HELPS YOU 
1000 — x* = 1000 — 54 __ Substituting When you are confident in your 
= 1000—-5-5-5°5 command ofa topic, don’t hesitate 


to help classmates who are having 


= A000 028 trouble understanding it. You will 
= 375 b find that your understanding 
and retention of a concept will 
EXAMPLE 4 Area ofa Compact Disc. The standard compact disc used deepen when you explain it to 
for software and music has a radius of 6 cm. Find the area of such a CD someone else. 
(ignoring the hole in the middle). 
A= ar? 
= 7+ (6cm)? 
=7-6cm:-6cm 
= 3.14 x 36cm? 
= 113.04 cm? b 
In Example 4, “cm?” means “square centimeters” and “~” means “is 
approximately equal to.” 
EXAMPLE 5 Evaluate (5x)? when x = —2. 
When we evaluate with a negative number, we often use extra parenthe- 
ses to show the substitution. 
(5x)? = [5-(—2)]® — Substituting 
= [-10]8 Multiplying within brackets first 
=e T ler) Answers 
= —1000 Evaluating the power i 7.6 8&1 9.84 10.1 


11. -14 12.0 
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13. 


14, 


15. 


16. 


17. 


18. 


Evaluate ¢3 when t = 5. 
Evaluate —5x° when x = —2. 


Find the area of a circle when 
r = 32cm. Use 3.14 for 77. 


Evaluate 200 — a* whena = 3. 


Evaluate t! — 4and 9 — 4 
when t = 7. 


a) Evaluate (41)? when t = —3. 
b) Evaluate 4t2 when t¢ = —3. 


c) Determine whether (4t)* and 
4t? are equivalent. 


Multiply and simplify. 


19. 


20. 


21. 


22. 


ase 


35 . 35 
5g 2 
pip|2p8 
feo ek 


(a2b3)(a"b°) 


Answers 


13.125 14.160 15. 3215.36 cm? 
16.119 17. 3;-3 18. (a) 144; (b) 36; 
(Jno 19. 319 20. x1 21. p%4 
22. x5 23. a%b8 


EXAMPLE 6 Evaluate 5x2? when x = —2. 


5x3 = 5- (-2)8 Substituting 
= 5+ (-2) + (-2)- (-2) Evaluating the power first 
= 5(-8) (—2)(-2)(-2) = -8 | 
= —40 b 


Recall that two expressions are equivalent if they have the same value for 
all meaningful replacements. Note that Examples 5 and 6 show that (5x)? and 
5x3 are not equivalent—that is, (5x)? 4 5x°. 


Do Exercises 13-18. | 


‘d) Multiplying Powers with Like Bases 


There are several rules for manipulating exponential notation to obtain 
equivalent expressions. We first consider multiplying powers with like bases: 


a®-a* =(a-a-a)(a:a)=a:a-a:a:a=a’. 


3 factors 2 factors 5 factors 


Since an integer exponent greater than 1 tells how many times we use a base 
as a factor, then (a: a-a)(a: a) =a-a-a-a-a=a?’ by the associative 
law. Note that the exponent in a is the sum of those in a® - a2. That is, 
3 + 2 = 5. Likewise, 


b*- b? = (b-b-b-b)(b-b- b) =b’, where 4+3=7. 


Adding the exponents gives the correct result. 


THE PRODUCT RULE 


For any number a and any positive integers m and n, 


qm. qt = qmn. 


(When multiplying with exponential notation, if the bases are the 
same, keep the base and add the exponents.) 


EXAMPLES Multiply and simplify. 


7. 59.52 = 562 = Adding exponents: a” - a” = qi*” 


= 58 
6 po mllns = pots = 18 
9,x4°x2=x!-x5 Writingxasx! 
= alts 
= x9 
10. (a°b*)(a3b°) = (a3a3)(b7b°) 
= a®p? 


11. (4y)%(4y)3 = (4y)6t3 = (4y)? 


Do Exercises 19-23. 
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(e) Dividing Powers with Like Bases 


The following suggests a rule for dividing powers with like bases, such 
as a°/a?: 


a a:a:a-a:a @:a:a:a-a a:a:a a:a 
a’ a-a l-a-a 1 a-a 
a-a:-a 
= -l=a:a‘a=a3 


Note that the exponent in a? is the difference of those in a> + a2. That is, 
5 — 2 = 3. Ina similar way, we have 


to ot-t tet ttt tt 
t4 bef P42 


Subtracting exponents gives the correct answer. 


THE QUOTIENT RULE 


For any nonzero number a and any positive integers m and n, 


t°", where 9-4=5. 


m 
a qim-n 
a” : 


(When dividing with exponential notation, if the bases are the same, 
keep the base and subtract the exponent of the denominator from the 
exponent of the numerator.) 


EXAMPLES Divide and simplify. 


Ge | x8 
12. == 6° Subtracting 13. — = x81 


3 1 
6 exponents x 
= 62 = x" 
(31) a3 Pq Pg go 7s 
a = (32) Is. Te PE 
(30) re pq 
(31)! = pq? 


The quotient rule can also be used to explain the definition of 0 as an ex- 
ponent. Consider the expression a*/a*, where a is nonzero: 


This is true because the numerator and the denominator are the same. Now 
suppose we apply the rule for dividing powers with the same base: 
4 

a” = g4-4 = gO 
z=a =a", 
a4 
Since a4/a* = 1 and a‘*/a‘* = a°, it follows that a® = 1, whena # 0. 

We can explain why we do not define 0° using the quotient rule. We know 
that 0° is 0!~!. But 0!~! is also equal to 0!/0!, or 0/0. We have already seen 
that division by 0 is not defined, so 0° is also not defined. 


Do Exercises 24-27. 


Divide and simplify. 
45 ‘ 
24. we 25 ne} 
a 
10 76 
a‘b 
26. = 27. 
1) a>p4 
Answers 
24.43 25. y* 26. p? ~—-27.. a*b? 
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(f) Negative Integers as Exponents 


We can use the rule for dividing powers with like bases to lead us to a defini- 
tion of exponential notation when the exponent is a negative integer. Con- 
sider 5°/5’ and first simplify it using procedures we have learned for working 
with fractions: 


53 
57 55: 
5-5. 


5-5-5-1 
-5°5 5:5°5:5°5°5°5 
1 1 
5-5-5 5-°5°5°5 5f 


oa of;o 


Now we apply the rule for dividing exponential expressions with the same 
bases. Then 


This leads to our definition of negative exponents. 


NEGATIVE EXPONENT 


For any real number a that is nonzero and any integer n, 


In fact, the numbers a” and a” are reciprocals because 


1 a” 
n, —nA — n.. = = 
a”-a a a qn 1. 


The following is another way to arrive at the definition of negative 
exponents. 


On each side, -+5*5+5 = 54 On this side, 
we divide by 5 5-5-5=53 the exponents 
at each step. 2 decrease by 1 
5:5=5 
at each step. 
= 51 
= 50 
or: 
—=5: 
5 
1 2 
— = 53 
Vv 25 Vv 


1 
==—7=51 and ~=3=5%. 
5 wl ae 35 ae 
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EXAMPLES Express using positive exponents. Then simplify. 


Oe eee 17. (-3)? : : : 
; 42 16 , (-3) (-3)(-3) 9 
1 1 1 a 
3 -1 
18. m? = ma 19. ab = (=) = a+) =5 
1 1 3 
ae ye (-3) 2-93 So 6/2) 
20. —z = x Lae #1; 36° = (4)-3 
Example 20 might also be done as follows: 
1 1 ? 
= =1-2 = x3 
ge 1 
3 
Express with positive exponents. 
Then simplify. 
Caution! 28. 4-3 29. 5-2 
As shown in Examples 16 and 17, a negative exponent does not necessarily 9-4 i 9)-3 
mean that an expression is negative. eb Te) 
3 1 
7 O25 4p 33. may 
[Do Exercises 28-33. Xee 
The rules for multiplying and dividing powers with like bases hold when 
exponents are 0 or negative. 
EXAMPLES Simplify. Write the result using positive exponents. 
22. 73-76=7-3+6 Adding 2. re eee) a =o 
exponents Simplify. 
= 73 34, 5-2. 54 
i 7 1 eee 
24. = = 5) Subtracting 25. — = a a 6 6 oe 
5 x x 
exponents 9 
= 54at2 — 56 36. i 
23 
b~4 
26. 75 = 2g ey sy! Ve 
Blo 
= p-4t5 = pl=p =y = — p33 
y 
cee 
Do Exercises 34-38. Le 
The following is a summary of the definitions and rules for exponents 
that we have considered in this section. 
DEFINITIONS AND RULES FOR EXPONENTS 
1 as an exponent: a =a 
0 as an exponent: a®9=1,a#0 
1 ol 
Negative integers as exponents: a” = a qn a",a#0 Answers 
; | ead 11 11 1 
Product Rule: a™-a™=amn 28.5 Ga 2 a og 80 a 
: ; ae 31. — 1 324° 33. x2 
Quotient Rule: 7 = a" "a#o (23 8 ? 
@ 1 
34.5% 35, 36.— 37.b 38. £6 
x 7? 
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10.1 


(a) What is the meaning of each of the following? 


1. 34 


7. (7p)? 


(b) Evaluate. 


13. a°,a #0 


(c) Evaluate. 


27. m3, when m = 3 


31. —x4, when x = —3 


2. 48 


8. (11c)3 


14. 


19. 


24, 


35. y* — 7, when y = —10 


3. (-1.1)> 


9. 8k3 


17.40 15. b! 


(—7.03)! 


(ab)®, a,b # 0 


28. x®, when x = 2 


32. —2y’, when x = 2 


36. 2° + 5, whenz = —2 


39. x1 + 3andx° + 3, whenx =7 


41. Find the area of a circle when r = 34 ft. Use 3.14 for 77. 


(#) Express using positive exponents. Then simplify. 


43. 3-2 


740 


44, 2-3 
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45. 10-3 
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For Extra Help 


MyMathLab 


16. c! 


21. 8.389 


26. ab! 


29. p!, when p = 19 


33. x4, when x = 4 


37. 161 — b2, when 
b=5 


my BOB = 


PRACTICE 


WATCH 


DOWNLOAD 


READ 


30. x!9, when x = 0 


34. y!5, wheny = 1 


38. 325 — v°, when 
v= —3 


40. y°? — 8andy! — 8, wheny = -3 


42. The area A of a square with sides of length s is given 
by A = s?. Find the area of a square with sides of 


length 24 m. 


46.5 4 


47. a? 


REVIEW 
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48. x? 49. — 
8-2 
53, 524 54. 6n™> 
Express using negative exponents. 
1 1 1 
57. B 58. a2 59. 3 
dd ; f Multiply and simplify. 
63..2* +23 64. 3° - 37 
67. x4-x 68. y- y? 
71. (3y)4(3y)8 72. (2t)8(2t)!” 
75,0733" 76,5 2% 6? 
79. x14. x3 80. x9 - x4 
83. al!-a3-a 84.a!!-a3-a 


55. xy? 


60. 


65. 


69 


73 


77. 


81. 


85 


= 


oe 


56. ab? 


2 917 ¥ 921 


«(yyy 


x72 » x2 


xl ex 


=6 


. (s2t3)(st*) 
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66. 


70 


74 


78. 


82. 


86. 


20 


ro. ¢i6 


(8x)?(8x)! 


xxl 


(m*n)(m2n*) 


741 


e }, f | Divide and simplify. 
7 58 9 11 
87. 88. 89. 90. ~— 
7 5 y x 
162 7 m® a3 
91. 168 92. 79 93. m2 94. a 
8x)® 8t)* ay)? 6y)! 
das a ba. cE eae oe aa wu 
(8x) (81) (2y) (6y) 
8 WA 8 
Ce 100. 2 101. 2— 102. —— 
xT y 5 aa 3 
—6 —9 —5 —2 
103. ~— 104, ~— ios; — 106. 2— 
ze x3 x8 y? 
—9 =7 53 844 
107 108. ~— 109, ©? 110. > 
m9 x7? a*b st3 


Matching. In Exercises 111 and 112, match each item in the first column with the appropriate item in the second column by 
drawing connecting lines. Items in the second column may be used more than once. 


1 1\2 
111. 52 — 112. -() 16 
5 10 8 
5 —16 
a. a a) 
(2) 10 8 64 
5 = 
: an 82 64 
(2) ~ 35 2 1 
= 8 e 
‘ ; 10 _92 64 
8 25 (-8)2 es 
(—5)? 64 
=25 ( 2) 
(=) 8 
[a al 8 fs 
— 16 
25 1\2 
i 10 e = 
a 16 


742 CHAPTER 10 Polynomials: Operations 


Copyright © 2012 Pearson Education, Inc. 


Skill Maintenance 


Solve. [8.6a] 


113. Cutting a Submarine Sandwich. A 12-in. submarine 114. Book Pages. The sum of the page numbers on the 
sandwich is cut into two pieces. One piece is twice as facing pages of a book is 457. Find the page numbers. 
long as the other. How long are the pieces? 


115. The perimeter of a rectangle is 640 ft. The length is 15 ft 116. The first angle of a triangle is 24° more than the second. 
more than the width. Find the area of the rectangle. The third angle is twice the first. Find the measures of 
the angles of the triangle. 


Solve. [8.3c] 
117. —6(2 — x) + 10(5x — 7) = 10 118. —10(x — 4) = 5(2x +5) —7 


Factor. [7.7d] 
119. 4x — 12 + 24y 120. 256 — 2a — 4b 


Synthesis 


IASI Determine whether each of the following is correct. 


121. (x + 1)? =x*4+1 122. (x — 1)? =x*- 2x +1 123, (5x)9 = 5x® 124, = = x? 
x 
Simplify. 
a®'(aity 
125. (y2*)(y3*) 126. a* + ask 127. — 
a 
1\4 5 5 
0.8 x= 3 
(2) (0.8)3(0.8) x3 
Use >, <, or = for [_] to write a true sentence. 
131. 3° [| 34 132. 42 [ | 48 133. 43 [ ] 53 134. 43 [] 34 
Evaluate. 
1 
135. = * when z = —10 136. ei when z = —0.1 
= i, 


137. Determine whether (a + b)* and a + b? are equivalent. (Hint: Choose values for a and b and evaluate.) 
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Simplify. Express the answers using 
positive exponents. 


1. (34)8 2. (x3)4 
3. oy 4. (x4 —-8 
Answers 


1 
1,329 2, 72 3. y5 4, — 


We now add to our ability to work with exponential expressions by consider- 
ing three more rules. The rules are also applied to a new way to name num- 
bers called scientific notation. 


(a) Raising Powers to Powers 


Consider an expression like (32)*. We are raising 3° to the fourth power: 
(32)* = (37)(37)(37)(3*) 
= (3 + 3)(3 + 3)(3 - 3)(3 - 3) 
=3-3-3-3-3-3-3-3 
= 38. 
Note that in this case we could have multiplied the exponents: 
(a*)4 = 32°4 = 38 


Likewise, (y®)? = (y8)(y8)(y8) = y*4. Once again, we get the same result if 
we multiply the exponents: 


(y®)* = yo = y*4, 


THE POWER RULE 


For any real number a and any integers m and n, 


(a™)n = qm, 


(To raise a power to a power, multiply the exponents.) 


| EXAMPLES Simplify. Express the answers using positive exponents. 


1. (3°)4 = 354 Multiplying 2, (oF = 225 — 910 
= 320 exponents 
: 1 1 
Sere AeA? aa ae Oe 


5. (a~4)-6 = al-4)(-8) = a4 ) 
Do Exercises 1-4. | 
(b) Raising a Product or a Quotient to a Power 


When an expression inside parentheses is raised to a power, the inside 
expression is the base. Let’s compare 2a° and (2a): 


2a =2-a-a:Ga; The base is a. 


(2a)? = (2a)(2a)(2a) The base is 2a. 
= (2:2:-2)(a:a-a) Using the associative and commutative 
= 93,3 laws of multiplication to regroup 
the factors 


= 8a3, 
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We see that 2a° and (2a) are not equivalent. We also see that we can evalu- 
ate the power (2a)° by raising each factor to the power 3. This leads us to the 
following rule for raising a product to a power. 


RAISING A PRODUCT TO A POWER 


For any real numbers a and b and any integer n, 
(ab)" = a"b”. 


(To raise a product to the nth power, raise each factor to the nth power.) 


EXAMPLES Simplify. 

6. (it)? = GaP Since 4 = 4! 
= (4!)3- (x2)3__ Raising each factor to the third power 
= 48. x8 = 64x 


Vv vv 


7. (5x3y°z2)4 = 54(x3)4(y5)4(z2)4 ~~ Raising each factor to the fourth power 


= 6254 142028 
B. (—Sx4y9)? = (-5)%x4)3(y3)8 
= —125x14y9 
9. [(—x)?°]? = (—x)5° Using the power rule 
=(-1-.x)59 — Using the property of —1 (Section 7.8) 
= (139 
= Lag? The product of an even number of negative 
factors is positive. 
= x90 


Vivi iy | 


10. (5x2y~?)3 = 53(x2)3(y~2)8 = 125x6y-6 —- Be sure to raise each factor to 


the third power. 
_, dase? 
= r 
a 2 = 81x12z8 
11. (3x3y a = S7(x° Ay 5ya(2*)\4 = 81xl4y 2078 — ya 
12, (<x*)% = (=o x4)? = (1) eet = lee 
1 1 1 1 1 
eae a eee a 
1 
13. (—2x5y4)4 = (2)42>) a+ _ (a8 . x20 . teas 
20 
= 20 As 
oe 16y 16 ) 


Do Exercises 5-11. 


10.2 Exponents and Scientific Notation 


Simplify. 
ef Dee 


Con yee) 
7. [(—x)*"P 
ONG 
9. (-y*)* 

10. (—2x4)~@ 


(3027) 


Answers 
16x20 25x40 A 272"4 
yl2 yl2z6 : yx 15 
i. 1 y 
9 10. 
y*4 4x8 27x 
745 


There is a similar rule for raising a quotient to a power. 


RAISING A QUOTIENT TO A POWER 


For any real numbers a and b, b # 0, and any integer n, 
a n q” 
a8 


(To raise a quotient to the nth power, raise both the numerator and the 
denominator to the mth power.) Also, 


a\" b\" — b? 
(2) "-(2)"=2 azo. 


_ EXAMPLES. Simplify. 


(=) (x?)3 x6 
14, = - 
4 43 64 


2 (at? 3*(a*)? 9a8 
) — (b3)2 = ps2 ~ ps 


18 (FS 
simplify. vie (x \\= (y?)4 (y?)* 8 —_—y8z20 
(: 


Fee 225 oe 222°) 162-79 16 
12. (=) 
5 eS 
315\3 co ny? ual Se oe oe ee ee 
~ a ee ee ae ae 
52 
HEE 
LAs (; <) Example 17 might also be done as follows: 
27 G)-G) @"-@ 
15. (=) 5 vo b a 
Do this two ways. = cs = 25 
(yr y® 


Do Exercises 12-15. 
(c) Scientific Notation 


There are many kinds of symbols, or notation, for numbers. You are already 
familiar with fraction notation, decimal notation, and percent notation. Now 
we study another, scientific notation, which makes use of exponential nota- 
tion. Scientific notation is especially useful when calculations involve very 
large or very small numbers. The following are examples of scientific notation. 


@ Niagara Falls: On the Canadian side, the amount of water that spills over 
the falls in 1 day during the summer is about 


® 4.9793 x 10!° gal = 49,793,000,000 gal. 
Answers 

x12 grl5 a)2p6 9 
12. 25 13. pl 14. 27 15. +8 


746 CHAPTER 10 Polynomials: Operations 


@ The mass of the earth: 

6.615 X 10%! tons = 6,615,000,000,000,000,000,000 tons. 
3) The mass of a hydrogen atom: 

1.7 X 10-74 g = 0.0000000000000000000000017 g. 


SCIENTIFIC NOTATION 


Scientific notation for a number is an expression of the type 
M X 10”, 


where 7 is an integer, M is greater than or equal to 1 and less than 10 
(1 = M < 10), and Mis expressed in decimal notation. 10” is also 
considered to be scientific notation when M = 1. 


You should try to make conversions to scientific notation mentally as 
much as possible. Here is a handy mental device. 


A positive exponent in scientific notation indicates a large number 
(greater than or equal to 10) and a negative exponent indicates a small 
number (between 0 and 1). 


EXAMPLES Convert to scientific notation. 
18. 78,000 = 7.8 x 104 
7.8,000. 
‘or 


4 places 
Large number, so the exponent is positive. 


19. 0.0000057 = 5.7 X 10°& 


eponon Convert to scientific notation. 
6 places 16. 0.000517 
Small number, so the exponent is negative. } 17. 523,000,000 
Do Exercises 16 and 17. 
EXAMPLES Convert mentally to decimal notation. Caution! 
20. 7.893 x 10° = 789,300 Each of the following is not 
scientific notation. 
7.89300. 
12.46 x 10° 
5 places — 
Positive exponent, so the answer is a large number. This number is greater than 10. 
21. 4.7 x 10°® = 0.000000047 0.347 x 10-3 
.00000004.7 a 
8 places This number is less than 1. 
Negative exponent, so the answer is a small number. I 
Answers 


16. 5.17 X 10-417. 5.23 x 108 
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Convert to decimal notation. 
18. 6.893 x 101! 


19. 5.67 X 10°° 


Multiply and write scientific 
notation for the result. 


20. (12 x 10) « 10m) 


21. (9.1 x 107!”)(8.2 x 103) 


Calculator Corner 


To find the product in Example 22 
and express the result in scientific nota- 
tion on a graphing calculator, we first set 
the calculator in Scientific mode by 
pressing Q&EP, positioning the cursor 
over Sci on the first line, and pressing 
Gap. Then we go to the home screen 
and enter the computation by pressing 
VVODBDOQVOIWOOVWO 
ODO} GB. (ct is the 
second operation associated with the 
Sp key.) The decimal portion of a 
number written in scientific notation 
appears before a small E and the 
exponent follows the E. 


1.8£6#2.3—E—4 
4.142 


Exercises: Multiply or divide and 
express the answer in scientific notation. 
1. (815 % 10743 x 10-”) 

2. (8 x 10°)(4 x 1075) 

4.5 x 108 

1.5% 10" 

4x 10-9 

"5 x 1016 


3. 


Answers 


18. 689,300,000,000 19. 0.0000567 
20.5.6 x 107-5 21. 7.462 x 1078 


Do Exercises 18 and 19. J 


d) Multiplying and Dividing Using 
Scientific Notation 
Multiplying 
Consider the product 
400 - 2000 = 800,000. 
In scientific notation, this is 
(4X 107) + (2 x 10°) = (4- 2)(10? - 10°) = 8 x 10°. 
By applying the commutative and associative laws, we can find this product 


by multiplying 4 - 2, to get 8, and 10? - 10%, to get 10°. 


EXAMPLE 22 Multiply: (1.8 x 10°) - (2.3 x 1074). 
We apply the commutative and associative laws to get 
(1.8 X 10°)» (3.5 % 10) = (1.8 * 2.5) * (0° = 10-7) 
= 4.14 x 106+(-4) 
= 4.14 x 107. 
We get 4.14 by multiplying 1.8 and 2.3. We get 10* by adding the exponents 6 
and —4. | 
EXAMPLE 23 Multiply: (3.1 x 10°) - (4.5 x 1073). 


(3.1 X 10°) (45% 1074) = (3.1 X 4.5)(10° - 10°) 
13.95 x 102 


Not scientific notation; 
13.95 is greater than 10. 


Substituting 1.395 x 10! 
for 13.95 


Associative law 


(1.395 x 10!) x 10? 


1.395 x (10! x 107) 
= 1.395 x 103 


Adding exponents. 
The answer is now in 
scientific notation. 


Do Exercises 20 and 21. 


Dividing 
Consider the quotient 800,000 + 400 = 2000. In scientific notation, this is 


8x 10° 8 10° 
= = 2x 103, 
4x10 4° 102 


(8 x 10°) + (4 x 102) = 


We found this product by dividing 8 by 4, to get 2, and 10° by 107, to get 10°. 


) EXAMPLE 24 Divide: (3.41 x 10°) + (1.1 x 107%). 


3.41 10° 3.41 10° 
= x 

11x 103 1.1 °° 10° 

= 3.1 x 10°-(-) 

= 3.1 x 108 i 


(3.41 x 10°) + (1.1 x 1073) = 
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|) EXAMPLE 25 Divide: (6.4 x 107’) + (8.0 x 109). 

6.4 x 107? 

8.0 x 106 

6.4. 107 

as, x ——— 

8.0 108 

= 0.8 x 1077-6 

= 0.8 x 10718 Not scientific notation; 
0.8 is less than 1. 

= (8.0 x 101!) x 10-8 Substituting 

8.0 x 107! for 0.8 


(6.4 X 10’) + (8.0 x 108) = 


Divide and write scientific notation 


for the result. 

= 8.0 x (107! x 10!) Associative law 4.2 x 10° 
= 8.0 x 10714 Adding exponents ae 
1.1 x 10-4 


23), ——$<——s 
| Do Exercises 22 and 23. 2.0 x 10-7 


e) Applications with Scientific Notation 


. EXAMPLE 26 _ Distance from the Sun to Earth. Light from the sun travel- 
ing at a rate of 300,000 kilometers per second (km/s) reaches Earth in 499 sec. WRITING ALL THE STEPS 


Find the distance, expressed in scientific notation, from the sun to Earth. 
Take the time to write all the steps 


when doing your homework. Doing 
so will help you organize your 
thinking and avoid computational 
errors. If you get a wrong answer, 
having all the steps allows easier 
checking of your work. It will also 
give you complete, step-by-step 
solutions of the exercises that can 
be used to study for an exam. 


The time ¢ that it takes for light to reach Earth from the sun is 4.99 x 
10 sec (s). The speed is 3.0 X 10° km/s. Recall that distance can be expressed 
in terms of speed and time as 


Distance = Speed - Time 


aa 24, Niagara Falls Water Flow. On 
. the Canadian side, the amount of 
We substitute 3.0 x 10° for rand 4.99 x 10? for f: water that spills over Niagara Falls 
in 1 min during the summer is 
d= rt about 

= (3,0 % 10°)(459% 10°) Substituting 1.3088 X 108L. 

= 14,97 x 10° How much water spills over the 

= (1.497 x 10) x 107 falls in one day? Express the 


1 7 answer in scientific notation. 
= 1.497 x (10° x 10°) 


1.497 X 108 km. Converting to scientific notation 


Thus the distance from the sun to Earth is 1.497 X 108 km. Answers 


22. 2.0 10% 23. 5.5 x 102 


| Do Exercise 24. 24. 1.884672 x 10111 
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| EXAMPLE 27 DNA. A 
strand of DNA (deoxyribonucleic 
acid) is about 150 cm long and 
1.3 x 107!° cm wide. The length 
of a strand of DNA is how many 
times the width? 

Source: Human Genome Project Information 


25. Earth vs. Saturn. The mass of 
Earth is about 6 X 102! metric 
tons. The mass of Saturn is 
about 5.7 X 1023 metric tons. 
About how many times the mass 
of Earth is the mass of Saturn? 


To determine how many times longer DNA is than it is wide, we 
divide the length by the width: 


Express the answer in scientific 150 150 l 
notation. 


13x 10719 1.3 " 10-10 

115.385 x 101° 
(1.15385 x 102) x 101° 
= 1.15385 x 10!2. 


2 


Thus the length of DNA is about 1.15385 x 10! times its width. b 


Do Exercise 25. | 


The following is a summary of the definitions and rules for exponents 
that we have considered in this section and the preceding one. 


DEFINITIONS AND RULES FOR EXPONENTS 


Exponent of 1: a =a 
Exponent of 0: G=lat0 
: 1 1 
Negative exponents: alt= ql qn =a",a#0 
Product Rule: ae g = gin 
q™ 
Quotient Rule: =a as 0 
a 
Power Rule: (am)" = qin 


Raising a product toa power: (ab)” = a"b” 


a\" a” 
Raising a quotient to a power: (¢) = pn b #0; 


b 
a\" pf” 
— =—,b#0,a#0 
(¢) a” 
Answer Scientific notation: M X 10”, or 10”, where 1 = M < 10 


25. The mass of Saturn is 9.5 X 10 times the 
mass of Earth. 
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(a) ; (b) Simplify. 


1. 


13. 
17. 
21. 
25. 
29. 
33. 


37. 


Al. 
45. 


49. 


(2°)? 


10. (a~*)~? 

14, (1-8) 

18. (xy) ® 

22. 4(x3)2 

26. (°x3)-4 
30. (q°r!)3 
34, (x ty" 2z9)2 


38. (—8x%y"2)3 


a 
42. | — 
(S 


For Extra Help 


MyMathLab 


11. 
15. 
19. 
23. 
27. 
31. 
35. 


39. 


PRACTICE 


—3 


(3x4)? 


(x ty)“ 


(5r4t3)2 


(3x3y~8z-3)2 


Mathéxy- 


WATCH 


12. 


16. 


20. 


24. 


28. 


32. 


36. 


40. 


44, 


DOWNLOAD 


—————— 
==_ (|* 
aa? 
READ REVIEW 
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ic ) Convert to scientific notation. 


53. 28,000,000,000 54. 4,900,000,000,000 55. 907,000,000,000,000,000 56. 168,000,000,000,000 


57. 0.00000304 58. 0.000000000865 59. 0.000000018 60. 0.00000000002 


61. 100,000,000,000 62. 0.0000001 


63. Population of the United States. It is estimated that 64. Young Voters. About 22,750,000 young people, ages 


the population of the United States will be 419,854,000 
in 2050. Convert 419,854,000 to scientific notation. 
Source: U.S. Census Bureau 


18-29, voted in the 2008 presidential election. Convert 
22,750,000 to scientific notation. 
Source: Center for Information & Research on Civic Learning 


and Engagement, Tufts University 


Ee 


 _— we 
VOTE HERE 


65. Political Spending. A record $2,400,000,000 was spent 
on campaigning, advertising, conventions, and other 
political activities in the 2008 presidential election. 
Convert $2,400,000,000 to scientific notation. 

Source: Center for Responsive Politics 


66. Advertising Spending. Coca-Cola spent $2,600,000,000 
on advertising in a recent year. Convert $2,600,000,000 
to scientific notation. 

Source: Nielsen Media Research 


Convert to decimal notation. 


67. 8.74 X 107 68. 1.85 x 108 69. 5.704 x 1078 70. 8.043 x 107-4 


71. 107 72. 108 73. 107° 74. 10-8 


d ) Multiply or divide and write scientific notation for the result. 


75. (3 X 104)(2 x 10°) 76. (3.9 < 108)(8.4 x 1073) 77. (5.2 X 10°)(6.5 X 107) 


78. (7.1 X 1077)(8.6 X 107°) 79. (9.9 X 10~®)(8.23 x 1078) 80. (1.123 x 104) x 10°9 
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84. 


87. 


89. 


8.5 x 108 5.6 X 10-2 
“3.4 x 10° * 2.5 x 105 
7.5 xX 109 

1.5 X 1073) + (1.6 x 1076 . 

( a ) 2.5 x 1012 


Solve. 


River Discharge. The average discharge at the mouths 
of the Amazon River is 4,200,000 cubic feet per second. 
How much water is discharged from the Amazon River 
in 1 yr? Express the answer in scientific notation. 


Earth vs. Jupiter. The mass of Earth is about 

6 Xx 102! metric tons. The mass of Jupiter is about 
1.908 x 1074 metric tons. About how many times 
the mass of Earth is the mass of Jupiter? Express 
the answer in scientific notation. 


88. 


90. 


83. (3.0 x 105) + (6.0 x 109) 


4.0 x 1073 
* 8.0 x 1020 


Water Contamination. Americans who change their 
own motor oil generate about 150 million gallons of 
used oil annually. If this oil is not disposed of properly, 
it can contaminate drinking water and soil. One gallon 
of used oil can contaminate one million gallons of 
drinking water. How many gallons of drinking water 
can 150 million gallons of oil contaminate? Express the 
answer in scientific notation. (1 million = 10°). 


Source: New Car Buying Guide 


Computers. A gigabyte is a measure of a computer’s 
storage capacity. One gigabyte holds about one billion 
bytes of information. If a firm’s computer network 
contains 2500 gigabytes of memory, how many bytes 
are in the network? Express the answer in scientific 
notation. (1 billion = 109) 
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91. Stars. Itis estimated that there are 10 billion trillion 92. Closest Star. Excluding the sun, the closest star to 
stars in the known universe. Express the number of stars Earth is Proxima Centauri, which is 4.3 light-years 
in scientific notation. (1 billion = 10°; 1 trillion = 10!) away. (One light-year = 5.88 x 10!? mi.) How far, in 

miles, is Proxima Centauri from Earth? Express the 
answer in scientific notation. 


93. Red Light. The wavelength of light is given by the 94. Earth vs.Sun. The mass of Earth is about 
velocity divided by the frequency. The velocity of red 6 X 107! metric tons. The mass of the sun is about 
light is 300,000,000 m/sec, and its frequency is 1.998 x 102? metric tons. About how many times the 
400,000,000,000,000 cycles per second. What is the mass of Earth is the mass of the sun? Express the 
wavelength of red light? Express the answer in scientific answer in scientific notation. 
notation. 


Space Travel. Use the following information for Exercises 95 and 96. 


2,670,000,000 miles 


95. Time to Reach Mars. Suppose that it takes about 96. Time to Reach Pluto. Suppose that it takes about 
3 days for a space vehicle to travel from Earth to the 3 days for a space vehicle to travel from Earth to the 
moon. About how long would it take the same space moon. About how long would it take the same space 
vehicle traveling at the same speed to reach Mars? vehicle traveling at the same speed to reach the dwarf 
Express the answer in scientific notation. planet Pluto? Express the answer in scientific notation. 
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Skill Maintenance 


Factor. [7.7d] 
97. 9x — 36 98. 4x — 2y + 16 99. 3s + 3t4+ 24 100. —7x — 14 


Solve. [8.3b] 


101. 2x —-4—-5x+8=x-3 102. 8x + 7—- 9x = 12 —- 6x +5 
Solve. [8.3c] 
103. 8(2x + 3) — 2(x — 5) = 10 104. 4(x — 3) +5 = 6(x + 2) - 8 


Graph. [9.1d], [9.2a] 


105. y=x-5 106. 2x +y=4 
VA YA 
5 5 
4 4 
3 3 
2 2 
1 1 
-5-4-3-2-1,] 12345 °% -5-4-3-2-1,| 1 2 3 4 5 a 
+2 -2 
i3 -3 
L4 “4 
+5 -5 
Synthesis 
107. # Carry out the indicated operations. Express the result 108. Find the reciprocal and express it in scientific notation. 
in scientific notation. 6.25 x 1073 
(5.2 x 106)(6.1 x 107!) 
1,28: 10% 
Simplify. 
(oe) 22 (3°)* ba ee 
109. —— 10, 111. | 112. ( = ) 
5 (a?)!1 3°53 By *z 
18 1\-2 0.4) 3p-2\1 
113, 2 114. (2) 115, 4) 116. (* Z ) 
ia : ((0.4)3? 53 


Determine whether each of the following is true for all pairs of integers m and n and all positive numbers x and y. 
117. x» y” = (xy) 118. x” - y™ = (xy)?™ 119. (x — y)™=x™—- ym 


120, x" = (-a)” 121. 2)" = 2 122..." = 
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10.3 


Evaluate a polynomial for a 
given value of the variable. 


Identify the terms of a 
polynomial. 


Identify the like terms of a 
polynomial. 


Identify the coefficients of a 
polynomial. 


Collect the like terms of a 
polynomial. 


==) (0) &) (A) &) (go 


Arrange a polynomial in 
descending order, or collect 
the like terms and then 
arrange in descending order. 


g Identify the degree of each 
term of a polynomial and the 
degree of the polynomial. 


h Identify the missing terms of 
a polynomial. 


Classify a polynomial as 
a monomial, a binomial, 
a trinomial, or none of these. 


SKILL TO REVIEW 
Objective 7.7e: Collect like terms. 
Collect like terms. 

1. 3x —4y+5x+y 

2.2a—- 7b+6- 3a+4b-1 


1. Write three polynomials. 


Answers 


Skill to Review: 
1. 8x—3y 2. -a-—3b+5 


Margin Exercise: 
5 
1. 4x2 — 3x + a 15y3; —7x3 + 1.1; 


answers may vary 


Introduction to Polynomials 


We have already learned to evaluate and to manipulate certain kinds of 
algebraic expressions. We will now consider algebraic expressions called 
polynomials. 

The following are examples of monomials in one variable: 


3x7, 2x, —-5, 37p4, 0. 


Each expression is a constant or a constant times some variable to a nonnega- 
tive integer power. 


A monomial is an expression of the type ax”, where a is a real-number 
constant and n is a nonnegative integer. 


Algebraic expressions like the following are polynomials: 


3y5, -2, 5y+3, 3x2+2x-—5, -7a3+ 3a, 6x, 37p*, x, 0. 


POLYNOMIAL 


A polynomial is a monomial or a combination of sums and/or 
differences of monomials. 


The following algebraic expressions are not polynomials: 


X38 
Ko 4 


(1) , (2) 5x3 — 2x2 + , (3) 


x3 — 2° 


Expressions (1) and (3) are not polynomials because they represent quotients, 
not sums or differences. Expression (2) is not a polynomial because 


and this is not a monomial because the exponent is negative. 


Do Margin Exercise 1. 


a) Evaluating Polynomials and Applications 


When we replace the variable in a polynomial with a number, the polynomial 
then represents a number called a value of the polynomial. Finding that 
number, or value, is called evaluating the polynomial. We evaluate a polyno- 
mial using the rules for order of operations (Section 7.8). 


EXAMPLE 1 Evaluate the polynomial when x = 2. 


a) 3x+5=3-24+5 b) 2x2 — 7x + 3=2:-22-7-24+3 
=6+5 =2-4-7:24+3 
=11 =8-14+3 

=-3 
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' EXAMPLE 2 Evaluate the polynomial when x = —4. 


a) 2—x3=2 - (-4)3 = 2 - (-64) 
= 2+ 64 = 66 
b) =x? — 3x + 1 = —(=4)2 


3(—4) +1 
=—-16+1+12+1=-3 


) 
| Do Exercises 2-5. 


Ox Algebraic-Graphical Connection 


Recall from Chapter 9 that in order to plot points before graphing 

an equation, we choose values for x and compute the corresponding 
y-values. An equation like y = 2x — 2, which has a polynomial on one 
side and only y on the other, is called a polynomial equation. For such 
an equation, determining y is the same as evaluating the polynomial. 
Once the graph of such an equation has been drawn, we can evaluate 
the polynomial for a given x-value by finding the y-value that is paired 
with it on the graph. 


{ EXAMPLE 4 Games ina Sports League. 


EXAMPLE 3 Use only the 
given graph of y = 2x — 2to 
evaluate the polynomial 2x — 2 
when x = 3. 


First, we locate 3 on the 
x-axis. From there we move 
vertically to the graph of the 
equation and then horizontally 
to the y-axis. There we locate 
the y-value that is paired with 3. 
Although our drawing may not 
be precise, it appears that the 
y-value 4 is paired with 3. Thus 


the value of 2x — 2is 4 whenx = 3. 


) 
Do Exercise 6. 


mx 


n~ 


Polynomial equations can be used to model many real-world situations. 


In a sports league of x teams in 


which each team plays every other team twice, the total number of games N 


to be played is given by the polynomial equation 


N=x?-x. 


A women’s slow-pitch softball league has 10 teams. What is the total number 
of games to be played? 


We evaluate the polynomial when x = 10: 


N= x? — x= 102 


The league plays 90 games. 


10 = 100 


| Do Exercises 7 and 8. 


10.3 


Evaluate each polynomial when 
ig = 3, 
(4, =U — 7 


S bet 4b 7a 10 


Evaluate each polynomial when 
if = =p 
4. 9x + 7 


5. 2x2 + 5x — 4 


6. Use only the graph shown in 
Example 3 to evaluate the 
polynomial 2x — 2 when x = 4 
and when x = —1. 


7. Referring to Example 4, 
determine the total number of 
games to be played in a league 
of 12 teams. 


. Perimeter of a Baseball 
Diamond. The perimeter P of 
a square of side x is given by the 
polynomial equation P = 4x. 


Co 


A baseball diamond is a square 
90 ft on a side. Find the perime- 
ter of a baseball diamond. 


Answers 


23: 19 3. —104 4. -18 5,21 
6.6;-4 7. 132games_ 8. 360ft 
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Calculator Corner 


We can use the Value feature 
from the CALC menu to evaluate a 
polynomial on a graphing calculator. To 


evaluate the polynomial in Example 2(b), 


—x? — 3x + 1,whenx = —4, we 
first graph y, = —x2 — 3x + lina 
window that includes the x-value —4. 
We will use the standard window. (See 
p. 666). Then we press Gy Care) GD 
or Gy ac) GD to access the 


CALC menu and select item 1, Value. 
Now we supply the desired x-value by 
pressing @) @). We then press GUD 
toseeX = —4,Y = —3 at the bottom 
of the screen. Thus, when x = —4, the 
value of —x2 — 3x + lis —3. 


10 
Y1 = —X2— 3x41 


Exercises: Use the Value feature to 

evaluate each polynomial for the given 

values of x. 

1. —x2 — 3x + 1, whenx = —2, 
x = —0.5,andx = 4 

2. 3x2 — 5x + 2, whenx = —3, 
x = l,andx = 2.6 


9. Medical Dosage. 


a) Referring to Example 5, 
determine the concentration 
after 3 hr by evaluating the 
polynomial when ft = 3. 


b) Use only the graph showing 
medical dosage to check the 
value found in part (a). 


10. Medical Dosage. Referring to 
Example 5, use only the graph 
showing medical dosage to 
estimate the value of the 
polynomial when t = 26. 


Answers 


9. (a) 7.55 parts per million; (b) When ¢ = 3, 
C = 7.5 so the value found in part (a) appears 
tobecorrect. 10. 20 parts per million 


EXAMPLE 5 Medical Dosage. The concentration C, in parts per million, 
of a certain antibiotic in the bloodstream after ¢ hours is given by the poly- 
nomial equation 


C = —0.05t2 + 2t + 2. 


Find the concentration after 2 hr. 
To find the concentration after 2 hr, we evaluate the polynomial when 
t= 2: 
C = —0.05t? + 2r+ 2 
= —0.05(2) + 2(2)+2 Substituting 2 for r 


= —0.05(4) + 2(2) + 2 — Carrying out the calculation using 
the rules for order of operations 


=-0.2+4+2 
= 3.8 +2 
= 5.8. 


The concentration after 2 hr is 5.8 parts per million. 


& Algebraic-Graphical Connection 


The polynomial equation in Example 5 can be graphed if we evaluate 
the polynomial for several values of t. We list the values in a table and 
show the graph below. Note that the concentration peaks at the 20-hr 
mark and after slightly more than 40 hr, the concentration is 0. Since 
neither time nor concentration can be negative, our graph uses only 
the first quadrant. 


0 2 
2 5.8 Example 5 
10 17 
20 22 
30 17 
Ns 
CA 
24 (20, 22) 


Concentration (in parts per million) 


nV 


0 10 20 30 40 
Time (in hours) 


<4 


Do Exercises 9 and 10. ) 
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b) Identifying Terms 


As we saw in Section 7.4, subtractions can be rewritten as additions. For any 
polynomial that has some subtractions, we can find an equivalent polyno- 
mial using only additions. 


EXAMPLES Find an equivalent polynomial using only additions. 


6. —5x2 — x = —5x? + (-x) 
7. 4x5 — 2x8 + 4x — 7 = 4x9 + (—2x5) + 4x + (-7) } 


| Do Exercises 11 and 12. 


When a polynomial is written using only additions, the monomials being 
added are called terms. In Example 6, the terms are —5x2 and —x. In Example 7, 
the terms are 4x°, —2x®, 4x, and —7. 


EXAMPLE 8 Identify the terms of the polynomial 
Ag? AS 12 By + Gx 


Terms: 4x”, 3x, 12, 8x3, and 5x. 


If there are subtractions, you can think of them as additions without 
rewriting. 
EXAMPLE 9 Identify the terms of the polynomial 
3t* = 525 = At + 2, 


Terms: 3¢4, —5t°, —4t, and 2. 


Do Exercises 13 and 14. 
‘c) Like Terms 


When terms have the same variable and the same exponent power, we say 
that they are like terms. 


EXAMPLES 
10. 4x3 + 5x — 4x2 + 2x3 + x 
Like terms: 4x° and 2x? 
Like terms: —4x2 and x 


1l. 6 — 3a* -8-—a-—5a 
Like terms: 6 and —8 


Identify the like terms in the polynomials. 
2 


Same variable and exponent 


Same variable and exponent 


Constant terms are like terms because 6 = 6x9 
and —8 = —8x°, 


Like terms: —a and—5a | 


| Do Exercises 15-17. 


(d) Coefficients 


The coefficient of the term 5x° is 5. In the following polynomial, the red 
numbers are the coefficients, 3, —2, 5, and 4: 


3x9 — 2x3 + 5x + 4, 


10.3 
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Find an equivalent polynomial using 
only additions. 


11. —9x3 — 4x9 


12. —2y3 + 3y’ — 7y-9 


Identify the terms of each 
polynomial. 


1 
13. 3x2 + 6x + 5 


14, —4y° + 7y? — 3y — 2 


Identify the like terms in each 
polynomial. 
Sea ee 


1694 95 — qt 0re 


17. 5x2 + 3x — 10 + 7x2 — 8x + 11 
Answers 

11. —9x3 + (—4x5) 

12. —2y3 + 3y? + (-7y) + (-9) 


1 
13. 3x2, 6x, 5 14. 


4y®, 7y?, —3y, -2 


15. 4x3 and —x? 
1023 


16. 4t4 and —7¢4; —923 and 
17. 5x? and 7x?; 3x and —8x; —10 and 11 
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18. Identify the coefficient of each 
term in the polynomial 


Det = Fe = Qe’ = se = AL 


Collect like terms. 
19. 3x2 + 5x? 


20. 4x3 — 2x3 4245 


3 
4 


il 
Dil. Be x2 + Ax% — 2x2 


22. 24 — 4x3 — 24 


23. 5x3 — 8x° + 8x? 


24, —2x44+ 16 + 2x44 9 — 3x5 


Answers 
18. 2,-7,-8.5,-1,-4 19. 8x2 
Loc 
20. 2x3+7 21. - rola + 2x2 22, —4x3 


23. 5x3 24. 25 — 3x9 


_ EXAMPLE 12 Identify the coefficient of each term in the polynomial 


1 
3x4 — 4x3 4 5X + x — 8. 


The coefficient of the first term is 3. 

The coefficient of the second term is —4. 

The coefficient of the third term is 5. 

The coefficient of the fourth term is 1. x= 1x 
The coefficient of the fifth term is —8. 


Do Exercise 18. 


‘e) Collecting Like Terms 


We can often simplify polynomials by collecting like terms, or combining 
like terms. To do this, we use the distributive laws. We factor out the variable 
expression and add or subtract the coefficients. We try to do this mentally as 
much as possible. 


_ EXAMPLES Collect like terms. 


13. 2x3 — 6x3 = (2 — 6)x3 
= —4x3 


Using a distributive law 


14, 5x2 + 7+ 4x4 + 2x* —11— 2x4 = (5 + 2)x? + (4 — 2)x4 + (7-11) 
=F rae ea 


Note that using the distributive laws in this manner allows us to collect 
like terms by adding or subtracting the coefficients. Often the middle step is 
omitted and we add or subtract mentally, writing just the answer. In collect- 
ing like terms, we may get 0. 


EXAMPLE 15 Collect like terms: 3x° + 2x2 — 3x° + 8. 
3x° + 2x2 — 3x5 + 8 = (3 — 3)x>° + 2x2 4+ 8 
= 0x° + 2x2 +8 
= 2x2 + 8 


Do Exercises 19-24. 


Expressing a term like x* by showing 1 as a factor, 1 - x*, may make it 
easier to understand how to factor or collect like terms. 


_ EXAMPLES Collect like terms. 


16. 5x2 + x? = 5x2 + 1x2 
= (5 + 1)x2 
= 6¢- 


Replacing x? with 1x? 


Using a distributive law 
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P 
| 
| 


17. 5x8 — 6x5 — x8 = 5x8 — 6x5 -— 1x8 = x8 = 1x8 
= (5 — 1)x® - 6x9 
= 4x8 — 6x5 
18. 9x4 = x2 = ix4 + 2x3 = 3x4 
= (3 t)x4 ( 1+2 3 )x3 x3 = -]-x3 
Sige an 


Do Exercises 25-28. 


.f) Descending and Ascending Order 
Note in the following polynomial that the exponents decrease from left to 
right. We say that the polynomial is arranged in descending order: 

2x4 — 8x3 + 5x? —x + 3. 


The term with the largest exponent is first. The term with the next largest ex- 
ponent is second, and so on. The associative and commutative laws allow us 
to arrange the terms of a polynomial in descending order. 


EXAMPLES Arrange the polynomial in descending order. 


19. 6x° + 4x? + x2 + 2x3 = 4x? + 6x9 + 2x3 + x2 
2 


20. 3 + 4x5 — 8x2 + 5x — 3x3 = 4x5 — 3x3 — 8x2 + 5x + 4 
Do Exercises 29-31. 
EXAMPLE 21 Collect like terms and then arrange in descending order: 
2x? — 4x3 + 3 — x? — 2x3, 
2x2 — 4x3 + 3 — x2 — 2x3 = x2 — 6x3 + 3 Collecting like terms 
= —6x3 + x*+3 Arranging in descending 
order 


| Do Exercises 32 and 33. 


We usually arrange polynomials in descending order, but not always. The 
opposite order is called ascending order. Generally, if an exercise is written 
in a certain order, we give the answer in that same order. 


(g) Degrees 


The degree of a term is the exponent of the variable. The degree of the term 
=5% is 2. 


EXAMPLE 22 Identify the degree of each term of 8x4 — 3x + 7. 


The degree of 8x‘ is 4. 
The degree of —3xis1. Recall that x = x!. 
The degree of 7 is 0. Think of 7 as 7x°. Recall that x° = 


10.3 


Collect like terms. 
ZA (09 = 30 


26. 5x3 — x3 +4 


3} 
Deh, oe) te Ape — oe IE 7 
4 
1 il 
28. —x* — x4 +x? x4 +10 
5 4 
Arrange each polynomial in 
descending order. 
29. x + 3x° + 4x3 + 5x2 4 
6x! — 2x4 
30. 4x2 — 3 + 7x° + 2x3 — 5x4 
31. —14 + 72 — 1045 + 14t? 


Collect like terms and then arrange 
in descending order. 


32. 3x2 — 2x + 3-—5x2-1-x 
1 4 4 
33. x+7 + 14x Use = I = ale 
Answers 
25. 6x 26. 4x3 +4 27. x3 4+ 4x2 +7 
5 9 4, 49 
28. x 20% + 5 


29. 6x? + 3x5 — 2x44 4x3 + 5x2 4+ x 
30. 7x5 — 5x4 + 2x3 + 4x2 — 3 
31. 14¢7 — 10f° + 7¢2 — 14 


1 
32. -2x2-3x+2 33. 10x4 — 8x — Fi 
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Identify the degree of each term and 
the degree of the polynomial. 


34. —6x4 + 8x2 — 2x + 9 


1 
35.4 — x9 + 5x6 — x? 


Identify the missing terms in each 
polynomial. 


36. 2x3 + 4x2 -— 2 
37. —3x4 
38. x3 41 


39. x4 — x2 + 3x + 0.25 


Write each polynomial in two ways: 
with its missing terms and by leaving 
space for them. 


40. 2x3 + 4x? — 2 


41. a* + 10 


Answers 

34. 4,2,1,0;4 35. 0,3,6,5;6 36x 
37. x8,x2,x,x9 38. x2,x 39. x3 
40. 2x3 + 4x2 + Ox — 2; 


2x3 + Ax? -2 
41. a* + 0a? + 0a? + 0a + 10; 
a’ + 10 


The degree of a polynomial is the largest of the degrees of the terms, un- 
less it is the polynomial 0. The polynomial 0 is a special case. We agree that it 
has no degree either as a term or as a polynomial. This is because we can ex- 
press 0 as 0 = 0x° = 0x’, and so on, using any exponent we wish. 


EXAMPLE 23 Identify the degree of the polynomial 5x? — 6x* + 7. 


. | 


5x3 — 6x4 +7. The largest exponent is 4. 


The degree of the polynomial is 4. 


Do Exercises 34 and 35. J 


Let’s summarize the terminology that we have learned, using the polyno- 
mial 3x4 — 8x3 + x? + 7x — 6. 


DEGREE OF DEGREE OF 
TERM COEFFICIENT THE TERM THE POLYNOMIAL 
3x4 


3 4 
—8x3 -8 3 
se? 2 4 
7x 7 1 
-—6 —6 0 


XM 


‘h) Missing Terms 


If a coefficient is 0, we generally do not write the term. We say that we have a 
missing term. 


EXAMPLE 24 Identify the missing terms in the polynomial 


8x° — 2x3 + 5x2 + 7x + 8. 


There is no term with x*. We say that the x*-term is missing. 


Do Exercises 36-39. 


For certain skills or manipulations, we can write missing terms with zero 
coefficients or leave space. 


EXAMPLE 25 Write the polynomial x4 — 6x> + 2x — 1 in two ways: with 
its missing term and by leaving space for it. 


a) x4 — 6x3 + 2x —1= x4 —- 6x3 + 0x2 + 2x-—1 Writing with the 
missing x*-term 


b) x4 — 6x3 + 2x —-1= x4 - 6x3 + 2x-—1 Leaving space for 
the missing x?-term 


EXAMPLE 26 Write the polynomial y° — 1 in two ways: with its missing 
terms and by leaving space for them. 


a) y>—1l=y> + Oy4 + Oy? + Oy? + Oy—-1 
b) y>-1=y° =] 


Do Exercises 40 and 41. 
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(i) Classifying Polynomials 


Ree 


Polynomials with just one term are called monomials. Polynomials with just 
two terms are called binomials. Those with just three terms are called 
trinomials. Those with more than three terms are generally not specified with 
aname. 


| EXAMPLE 27 


BINOMIALS 


MONOMIALS 


TRINOMIALS 


Ax? 2x +4 3x3 + 4x +7 4x3 — 5x2 +x -8 
9 3x° + 6x 6x — 7x2 Azo ozs — 3 re 3s 
She) —9x"-6 | 4x? — 6x -5 bgfD = 8 ae a 


Classify each polynomial as a 
monomial, a binomial, a trinomial, 
or none of these. 


42. 3x2 + x 43. 5x4 


44. 4x3 — 3x2 + 4x + 2 


45. 3x2 + 2x — 4 


| Do Exercises 42-45. 


1 
Answers 
42. Binomial 43. Monomial 44. None 
ofthese 45. Trinomial 


For Extra Help 


Exercise Set 


10.3 


( a) Evaluate each polynomial when x = 4 and when x = —1. 


1. =54 + 2 2. -8x +1 
4, 3x2 +x-7 5. x3 — 5x2 +x 
Evaluate each polynomial when x = —2 and when x = 0. 
1 1 
7. ha me) 8. 8 — a 
10. 5x + 6 — x? 11. —3x3 + 7x? — 3x — 2 


MyMathLab 


PRACTICE WATCH DOWNLOAD READ 


REVIEW. 


3. 2x2 — 5x +7 
6.7 —x + 3x2 


9. x2 - 2x4+1 


12. —2x3 + 5x? 


13. Skydiving. During the first 13 sec of a jump, the 
distance S, in feet, that a skydiver falls in t seconds can 
be approximated by the polynomial equation 


S = 11.1227. 


Approximately how far has a skydiver fallen 10 sec after 
having jumped from a plane? 


14. Skydiving. For jumps that exceed 13 sec, the 
polynomial equation 
S = 173t — 369 
can be used to approximate the distance S, in feet, that 
a skydiver has fallen in t seconds. Approximately how 
far has a skydiver fallen 20 sec after having jumped 
from a plane? 


10.3 Introduction to Polynomials 763 


15. 


17. 


19. 


Total Revenue. Hadley Electronics is marketing a new 
type of plasma TV. The firm determines that when it 
sells x TVs, its total revenue R (the total amount of 
money taken in) will be 


R = 280x — 0.4x? dollars. 


What is the total revenue from the sale of 75 TVs? 
100 TVs? 


The graph of the polynomial equation y = 5 — x? is 
shown below. Use only the graph to estimate the value 
of the polynomial when x 3,x 1 r= 0: 

x = 1.5,andx = 2. 


Electricity Consumption. The net consumption 
of electricity in China can be estimated by the 
polynomial equation 


E = 158.68 + 2728.4, 


where EF is the consumption of electricity, in billions of 
kilowatt-hours, and tis the number of years after 2010. 
That is, tf = 0 corresponds to 2010, t = 5 corresponds 
to 2015, and so on. 

Source: Energy Information Administration 


a) Use the equation to estimate the consumption of 
electricity, in billions of kilowatt-hours, in 2010, 
2015, 2020, 2025, and 2030. 

b) Check the results of part (a) using the graph below. 


E= 158.68¢ + 2728.4 


Electricity consumption 
(in billions of kilowatt-hours) 
w 
So 
i=) 

o 


> 
0 4 8 12 16 20 24 t 


Years since 2010 
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16. Total Cost. 


18. 


20. 


Hadley Electronics determines that the 
total cost C of producing x plasma TVs is given by 


C = 5000 + 0.6x? dollars. 
What is the total cost of producing 500 TVs? 650 TVs? 


The graph of the polynomial equation y = 6x? — 6x is 
shown below. Use only the graph to estimate the value 
1lx= 


of the polynomial when x = 
x= l,andx = 1.1. 


0.5, x = 0.5, 


—5-4-3-2 


Electricity Consumption. The net consumption of 
electricity in the United States can be estimated by the 
polynomial equation 

E = 72.9t + 4134.4, 


where E is the consumption of electricity, in billions of 
kilowatt-hours, and tis the number of years after 2010. 
That is, t = 0 corresponds to 2010, t = 5 corresponds 
to 2015, and so on. 

Source: Energy Information Administration 


a) Use the equation to estimate the consumption of 
electricity, in billions of kilowatt-hours, in 2010, 
2015, 2020, 2025, and 2030. 

b) Check the results of part (a) using the graph below. 


Electricity consumption 
(in billions of kilowatt-hours) 


> 
0 4 8 12 16 20 24 t 


Years since 2010 
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Memorizing Words. Participants in a psychology 21. Estimate the number of words memorized after 
experiment were able to memorize an average of M words 10 min. 
in tminutes, where M = —0.001¢° + 0.122. Use the graph 
below for Exercises 21-26. 
aek 22. Estimate the number of words memorized after 
20 14 min. 


23. Find the approximate value of M for t = 8. 


24. Find the approximate value of M for t = 12. 
M= —0.001t° + 0.1¢7 


Number of words memorized 
= 
o 


Sf 6 few fie oo 25. Estimate the value of M when fis 13. 


Time (in minutes) 


26. Estimate the value of M when fis 7. 


' b Identify the terms of each polynomial. 


27.2 — 3x + x2 28. 2x2 + 3x —4 


1 2 
29. axi + 3x° x+3 30. — 2x9 — x° + 6 


_C Identify the like terms in each polynomial. 


31. 5x3 + 6x2 — 3x2 32. 3x2 + 4x3 — 2x2 
33. 2x4 + 5x — 7x — 3x4 34. —3r + #3 — 2¢-— 523 
35. 3x9 — 7x + 8+ 14x9 — 2x -9 36. 8x? + 7x2 — 11 — 4x3 — 8x? — 29 


' d _ Identify the coefficient of each term of the polynomial. 


3 
37. -3x + 6 38. 2x — 4 39. Sx? + 7x +3 


2 
40. 3X — 5x +2 Al. —5x4 + 6x3 — 2.7x2+x-2 42. 7x38 — x2 -— 42x45 


(e) Collect like terms. 


43. 2x — 5x AA, 2x? + 8x2 45. x — 9x 


46. x — 5x 47. 5x2 + 6x3 + 4 A8. 6x* — 2x4 +5 
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49. 5x3 + 6x — 4x3 — 7x 50. 3a4 — 2a + 2a + a4 51. 6b° + 3b2 — 2b° — 3b? 


1 1 
52. 2x2 — 6x + 3x + 4x2 53. 72° 5+ —x> — 2x - 37 54. 2x° + 2x x3+4- 16 


55. 6x2 + 2x4 — 2x2 — x4 — 4x2 56. 8x2 + 2x3 — 3x3 — 4x2 — 4x2 


1 3 5 1 1 1 3 
Tee oP Be ae 3 58. —x4 4 2a 4 Ba ORF 
ae? a age ag ae . "s ~ “io is” "~~ ao 
\ f _ Arrange each polynomial in descending order. 
59. x9 +x + 6x3 + 1 + 2x? 60. 3 + 2x2 — 5x6 — 2x3 + 3x 
61. Sy? + 15y9 + y— y* + 778 62. 9p — 5 + 6p? — 5p* + p° 
Collect like terms and then arrange in descending order. 
63, 32° = bx? = 2x? + 6x" 4215 2822 fas 
65: 2% + 4x9 = 7x + OxF 8 66.60" x= bat 727s 1 
67. 3x + 3x + 3x — x? — 4x? 68. —2x — 2x — 2x + x3 — 5x3 
3 1 5 1 
69. —x + —+ 15x4-— x 3x4 70. 2x + 4x3 +x 4 2x 
4 2 6 3 
-@ Identify the degree of each term of the polynomial and the degree of the polynomial. 
71. 2x —4 72. 6 — 3x W530 = bet 2 Foe = 2s 3 
3 Dic 4,1,2 2 6 4 2 3 
75. —7x° + 6x ger 76. 5x +4* = 2 Ths. 8° = 3X FKP = OX 78. 8x — 3x° + 9 — 8x 
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79. Complete the following table for the polynomial —7x* + 6x3 — x? + 8x — 2. 


TERM COEFFICIENT DEGREE OF THE TERM DEGREE OF THE POLYNOMIAL 


—7x4 
6x3 6 
2 
8x 1 
—2 


80. Complete the following table for the polynomial 3x? + x5 — 46x3 + 6x — 2.4 — $x‘. 


—46 


3x2 2 


—2.4 


TERM COEFFICIENT DEGREE OF THE TERM DEGREE OF THE POLYNOMIAL 
5 


h Identify the missing terms in each polynomial. 


81. x° — 27 82. x5 + x 83. 


84. 5x4 — 7x + 2 85. 2x3 — 5x2 +x - 3 86. 


Write each polynomial in two ways: with its missing terms and by leaving space for them. 


87. x3 — 27 88. x9 + x 89. 


90. 5x4 — 7x + 2 91. 2x3 — 5x2 +x-3 92. 
| Classify each polynomial as a monomial, a binomial, a trinomial, or none of these. 
93. x2 — 10x + 25 94. —6x4 95. 


96. x2 — 9 97. 4x2 — 25 98. 


99. 40x 100. 4x2 + 12x + 9 
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Skill Maintenance 


101. Three tired hikers camped overnight. All they had to eat was a bag of apples. During the night, one awoke and ate one-third 
of the apples. Later, a second camper awoke and ate one-third of the apples that remained. Much later, the third camper 
awoke and ate one-third of those apples yet remaining after the other two had eaten. When they got up the next morning, 

8 apples were left. How many apples did they begin with? [8.6a] 


Subtract. [7.4a] 


1 5 3 1 
.1- 103. — — = . = -[-= 5.6 — 8. 

102. 1 20 8 6 104 8 ( i) 105. 5.6 — 8.2 
106. Solve: 3(x + 2) = 5x — 9. [8.3c] 107. Solve C = ab — rforb. [8.4b] 
108. A warehouse stores 1800 lb of peanuts, 1500 lb of 109. Factor: 3x — 15y + 63. [7.7d] 

cashews, and 700 lb of almonds. What percent of the 

total is peanuts? cashews? almonds? [8.5a] 
Synthesis 
Collect like terms. 
110. 6x3 - 7x? — (4x3)? + (—3x3)% — (—4x?)(5x3) — 10x° + 17x® 
I11. (3x2)3 + 4x? - 4x4 — x4(2x)% + ((2x)*)3 — 100x2(x?)? 
112. Construct a polynomial in x (meaning that x is the 113. What is the degree of (5m°)? 


variable) of degree 5 with four terms and coefficients that 
are integers. 


114. A polynomial in x has degree 3. The coefficient of x? is 3 less than the coefficient of x°. The coefficient of x is three times 
the coefficient of x*. The remaining coefficient is 2 more than the coefficient of x°. The sum of the coefficients is —4. Find 
the polynomial. 


FAA Use the CALC feature and choose VALUE on your graphing calculator to find the values in each of the following. (Refer to the 
Calculator Corner on p. 758.) 


115. Exercise 17 116. Exercise 18 117. Exercise 21 118. Exercise 22 
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(a) Addition of Polynomials 


To add two polynomials, we can write a plus sign between them and then col- 
lect like terms. Depending on the situation, you may see polynomials written 
in descending order, ascending order, or neither. Generally, if an exercise is 
written in a particular order, we write the answer in that same order. 


EXAMPLE 1 Add: (—3x° + 2x — 4) + (4x3 + 3x? + 2). 
(—3x3 + 2x — 4) + (4x3 + 3x2 + 2) 
= (-3 + 4)x3 + 3x2 + 2x + (-4+4 2) Collecting like terms 
= x3 + 3x2 + 2x- 2 ) 
EXAMPLE 2 Add: 
(2x4 + 3x2 — 2x + 3) + (-bx4 + 5x3 — 3x? + 3x — 3). 
We have 
(2x4 + 3x2 — 2x + 3) + (-tx4 + 5x3 — 3x? + 3x — 3) 


= (3 — 3)x4 + 5x3 4+ (8 - 3)x? + (-2+3)x+(}-}) Collecting 


like terms 
= 5x8 + Bx? + x ) 


We can add polynomials as we do because they represent numbers. After 
some practice, you will be able to add mentally. 


| Do Margin Exercises 1-4. 


EXAMPLE 3 Add: (3x2 — 2x + 2) + (5x3 — 2x* + 3x — 4). 
(3x2 — 2x + 2) + (5x3 — 2x2 + 3x — 4) 


= 5x3 + (3 — 2)x? + (-2 + 3)x+ (2-4) Youmightdo this 


step mentally. 
Then you would write only this. ) 


(Do Exercises 5 and 6 on the following page. 


We can also add polynomials by writing like terms in columns. 


=Sx9 4x2 +%- 2 


EXAMPLE 4 Add: 9x° — 2x3 + 6x2 + 3and5x4 — 7x? + 6 and 
3x8 — 5x5 + x2 45, 


We arrange the polynomials with the like terms in columns. 


9x5 — 2x3 + 6x2 + 3 
5x4 — 7x* + 6  Weleave spaces for missing terms. 
dane eae G 
3x8 + 4x5 + 5x4 — 2x8 +14 Adding 


We write the answer as 3x® + 4x5 + 5x4 — 2x3 + 14 without the space. 


— 


- wh 


SKILL TO REVIEW 
Objective 7.4a: Subtract real 
numbers and simplify combinations 
of additions and subtractions. 
Simplify. 

1. —4 — (-8) 
2.-5-6+4 


Add. 


1. (3x? + 2x — 2) + 
(—2x2 + 5x + 5) 


2. (—4x5 + x3 + 4) + 
i) 


3. (31x4 + x2 + 2x-1) + 
(—7x4 + 5x3 — 2x + 2) 


4. (17x3 — x2 + 3x 4+ 4) + 
(-15x2 + x? — 3x - =) 


Answers 


Skill to Review: 
14 2. =7 


Margin Exercises: 


2x2 4+ 7x43 
. 4x5 + 7x4 + x3 + 2x2 44 
. 24x4 + 5x3 4+ x2 41 


10 
. 243 + 
a: 
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Add mentally. Try to write just the 
answer. 
5. (4x2 — 5x + 3) + 
(—2x2 + 2x — 4) 


Add. 
We 2x3 + 5x2 -2x+ 4 
ae + 6x2 + 7x — 10 
9x4 + 6x3 + x? — 2 
8. —3x3 + 5x + 2and 
x3 + x2 + 5and 
x3 —2x-4 ) 
! 
Simplify. j 
9. —(4x° — 6x + 3) 
10. —(5x4 + 3x2 + 7x — 5) 
11, —(14x10 — 3x5 + 5x3 — x? + 3x) 
Subtract. 
12. (7x3 + 2x + 4) — (5x3 — 4) ' 
13. (—3x2 + 5x — 4) 


Answers 


5 
5. 2x2-3x-1 6. 8x9 — 2x? — Bx +5 


7. —8x4 + 4x3 + 12x2 + 5x - 8 
8 —x34+x243x4+3 9. -4x3 + 6x -3 
10. —5x4 — 3x2 -— 7% +5 


. —14x10 + oe — 5x3 + x? — 3x 


2x3 4+2x4+8 13. x2 -6x-2 


770 CHAPTER 10 


Do Exercises 7 and 8. 


(b) Opposites of Polynomials 


In Section 7.8, we used the property of —1 to show that we can find the 
opposite of an expression. For example, the opposite of x — 2y + 5 can be 
written as 


a(x = 2y 45). 
We find an equivalent expression by changing the sign of every term: 
(x — 2y+ 5) = -x + 2y— 5. 


We use this concept when we subtract polynomials. 


OPPOSITES OF POLYNOMIALS 


To find an equivalent polynomial for the opposite, or additive inverse, 
of a polynomial, change the sign of every term. This is the same as 
multiplying by —1. 


EXAMPLE 5 Simplify: —(x2 — 3x + 4). 


(x? — 3x + 4) = -x2+ 3x-4 I 
EXAMPLE 6 Simplify: —(—13 — 6t2 — t+ 4). 
(-23 — 627 -—¢+ 4) = 234+ 6f7+14-4 i 


EXAMPLE 7 Simplify: —(—7x4 — 3x3 + 8x? — x + 67). 


(=7x4 = 2x3 + ax? 67) = 7x4 + 8x3 = Bx? 4 


x4 67 


Do Exercises 9-11. 


(¢) Subtraction of Polynomials 


Recall that we can subtract a real number by adding its opposite, or additive 
inverse: a — b = a + (—b). This allows us to subtract polynomials. 


EXAMPLE 8 Subtract: 


(9x5 + x3 — 2x2 + 4) — (2x5 + x4 — 4x3 — 3x2), 
We have 
(9x5 + x3 — 2x? + 4) — (2x5 + x4 — 4x3 — 3x?) 
= 9x5 + x3 — 2x2 + 4 + [-(2x5 + x4 — 4x3 - 3x2)] Adding the 
opposite 

= 9x9 + x3 — 2x2 + 4 — 2x5 — x44 4x3 + 3x2 Finding the opposite 
by changing the sign 
of each term 

= 7x5 — x44 5x3 4+ x2 4+ 4. Adding (collecting like terms) ) 


Do Exercises 12 and 13. } 


Polynomials: Operations 


As with similar work in Section 7.8, we combine steps by changing the 
sign of each term of the polynomial being subtracted and collecting like 


terms. Try to do this mentally as much as possible. 


) EXAMPLE 9 Subtract: (9x5 + x3 — 2x) — (—2x5 + 5x3 + 6). 


(9x5 + x3 


= 9x9 + x3 — 2x + 2x5 — 5x3 -— 6 


= 11x° 


Finding the opposite by 
changing the sign of each 
term 


Adding (collecting like terms) E 


| Do Exercises 14 and 15. 


We can use columns to subtract. We replace coefficients with their oppo- 


sites, as shown in Example 9. 


' EXAMPLE 10 Write in columns and subtract: 


(5x2 — 3x 


a) 5x2 -— 3x+6 
—(9x* — 5x — 3) 


b) 5x2 - 3x+6 
—9x2 + 5x +3 


c) 5x2 - 3x+6 
—9x2 + 5x43 
—4x* + 2x49 


Changing signs 


Writing like terms in columns 


If you can do so without error, you can arrange the polynomials in columns 
and write just the answer, remembering to change the signs and add. 


. EXAMPLE 11 Write in columns and subtract: 
(x3 + x? + 2x — 12) — (—2x2 + x? — 3x). 


x3+x2+2x—- 12 
(2x? oe = Ox 


3x3 


Polynomials and Geometry 


Leaving space for the missing term 
Changing the signs and adding 


| Do Exercises 16 and 17. 


' EXAMPLE 12. Finda polynomial for the sum of the areas of these rectangles. 


Recall that the area of a rectangle is the product of the length and the 
width. The sum of the areas is a sum of products. We find these products and 


then collect like terms. 


Subtract. 
14, (—6x4 + 3x2 + 6) 
(2x4 + 5x3 — 5x2 + 7) 


3} 1 
3 2 
15. (3: a” 03) 
il 1 4 
3 4 —x2 + 1.2 
& ae es ) 


Write in columns and subtract. 
16. (4x3 + 2x? -— 2x - 3) 
(2x3 — 3x2 + 2) 


17. (2x3 + x” — 6x + 2) 
(x5 + 4x3 — 2x2 — 4x) 


Answers 


14. —8x4 — 5x3 + 8x? -1 
4 
15. x3 — x2 - 3* 7 0.9 
16. 2x3 + 5x2 — 2x —5 
17. —x5 — 2x3 + 3x2 — 2x +2 
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AreaofA plus AreaofB plus AreaofC plus AreaofD 


18. Find a polynomial for the sums : 
of the perimeters and of the 4-x + 5° x + Kok + 


FUEES GUNES ETS We collect like terms: 


2 Es ae 
| da | Es 4x + 5x +x2+ 10 = x2 4+ 9x4 10. ) 
BS 
2% x 


Do Exercise 18. 


) EXAMPLE 13 Lawn Area. Awater 
fountain with a 4-ft by 4-ft square base 
is placed in a park in a square grassy area 
that is x ft on a side. To determine the 
amount of grass seed needed for the 

19. Lawn Area. An 8-ft by 8-ft shed lawn, find a polynomial for the 
is placed on a lawn x ft ona grassy area. 
side. Find a polynomial for the We make a drawing of the situation 
remaining area. as shown here. We then reword the 
problem and write the polynomial 
as follows: 


Area of base 
Area of grassy area — offountain = Area left over 


xX = 4-4 = Area left over. 


Then (x? — 16) ft® = Area left over. [ 


Do Exercise 19. 


Calculator Corner 


Checking Addition and Subtraction of Polynomials A table set in auto mode 
can be used to perform a partial check that polynomials have been added or subtracted correctly. To check 
Example 3, we enter yj = (3x2 — 2x + 2) + (5x3 — 2x2 + 3x — 4) and yp = 5x9 + x* + x — 2. Ifthe 
addition has been done correctly, the values of y, and y will be the same regardless of the table settings used. 

A graph can also be used to check addition and subtraction. See the Calculator Corner on p. 782 for the 
procedure. 


Exercises: Use a table to determine whether the sum or the difference is correct. 
1. (—3x3 + 2x — 4) + (4x3 + 3x2 + 2) = x3 + 3x2 + 2x - 2 

2, (x3 — 2x? + 3x — 7) + (3x2 — 4x +5) = x3 + x2-x-2 

3. (5x2 — 7x + 4) + (2x2 + 3x — 6) = 7x2 + 4x — 2 

4, (9x° + x3 — 2x) — (—2x5 + 5x3 + 6) = 11x5 — 4x3 — 2x - 6 

5 

6 


. (3x4 — 2x2 — 1) — (2x4 -— 3x2 - 4) = x44 42-5 
. (—2x3 + 3x? — 4x + 5) — (3x2 + 2x + 8) = -2x3 - 6x - 3 


LY ae, 


Answers 


7 
18. Sum of perimeters: 13x; sum of areas: ie 


19. (x? — 64) ft? 
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1. (3x + 2) + (—4x + 3) 2. (6x + 1) + (—7x + 2) 3. (—6x + 2) + (x2 + 3x - 3) 
4, (x? - 8x4 4) + (8x — 9) 5. (x2 — 9) + (x2 + 9) 6. (x3 + x2) + (2x3 — 5x?) 
7. (3x2 — 5x + 10) + (2x2 + 8x — 40) 8. (6x4 + 3x3 — 1) + (4x2 — 3x + 3) 
9. (1.2x3 + 4.5x2 — 3.8x) + (-3.4x3 - 4.7x? + 23) 10. (0.5x4 — 0.6x? + 0.7) + (2.3x4 + 1.8x — 3.9) 
11. (1 + 4x + 6x2 + 7x3) + (5 — 4x + 6x2 — 7x3) 12. (3x4 — 6x — 5x2 +5) + (6x2 — 4x3 — 1 + 7x) 
13. (4x4 + 3x3 + 3x2 +7) + (—3x4 + 3x? - 7) 14, (3x9 + 3x5 - 3x2 +7) 4 
( Bx9 + $x4 — 3x5 + 3x? 4 ) 
15. (0.02x5 — 0.2x3 + x + 0.08) + 16. (0.03x® + 0.05x3 + 0.22x + 0.05) 4 
(—0.01x° + x4 — 0.8x — 0.02) (a8 — x8 + 0.5) 
17. (9x8 — 7x4 + 2x2 +5) + (8x? + 4x4 — 2x) 4 18. (4x° — 6x3 — 9x + 1) + (6x3 + 9x? + 9x) 4 
(—3x4 + 6x? + 2x - 1) (—4x3 + 8x2 + 3x — 2) 
19. 0.15x4 + 0.10x3 — 0.9x? 20. 0.05x4 + 0.12x3 — 0.5x2 
— 0.01x3 + 0.01x* + x — 0.02x3 + 0.02x2 + 2x 
1.25x4 + O.11x? + 0.01 1.5x4 + 0.01x? + 0.15 
0.27x3 + 0.99 0.25x3 + 0.85 
—0.35x4 + 15x? — 0.03 —0.25x4 + 10x? — 0.04 
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(b ) Simplify. 

21. —(—5x) 22. —(x? — 3x) 23. —(—x? + 3x — 2) 

24, —(—4x3 — x? — ix) 25. —(12x4 — 3x3 + 3) 26. —(4x3 — 6x2 — 8x + 1) 
27. —(3x — 7) 28. —(—2x + 4) 29. —(4x? — 3x + 2) 

30. —(—6a3 + 2a? — 9a + 1) 31. —(—4x4 + 6x? + 3x - 8) 32. —(—5x4 + 4x3 — x2 + 0.9) 
Cc) Subtract. 

33. (3x + 2) — (—4x + 3) 34. (6x + 1) — (-7x + 2) 35. (—6x + 2) — (x* +x - 3) 
36. (x* — 5x + 4) — (8x — 9) 37. (x* — 9) — (x? + 9) 38. (x3 + x7) — (2x3 — 5x?) 
39. (6x4 + 3x3 — 1) — (4x2 — 3x + 3) 40. (—4x2 + 2x) — (3x3 — 5x? + 3) 

Al. (1.2x3 + 4.5x2 — 3.8x) — (-3.4x3 — 4.7x2 + 23) 42. (0.5x4 — 0.6x? + 0.7) — (2.3x4 + 1.8x — 3.9) 
43. (3x3 — x — 3) - (-3x3 + x - 3) 44, (1x3 + 2x? — 0.1) — (—2x3 + 2x? + 0.01) 

45. (0.08x3 — 0.02x2 + 0.01x) — (0.02x3 + 0.03x2 — 1) 46. (0.8x4 + 0.2x — 1) — (x4 + dx - 0.1) 
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Subtract. 


47. x*+5x+6 48. x +1 49. 5x4 + 6x3 — 9x2 
—(x? + 2x) =e. 3 =( =a = 60° + 8x + 9) 
50. 5x4 + 6x2 - 3x+6 51. x? = 5. DP at ae at ae! 
—( 6x3 + 7x2 — 8x — 9) (x5 — x4 4+ x3 — x24 x -1) (x5 — x4 + x3 — x2 — x + 2) 


(d) Solve. 


Find a polynomial for the perimeter of each figure. 


53. 54. 3y 
3 
ae 
7y y 7 
5 
2y+3 
55. Find a polynomial for the sum of the areas of these 56. Find a polynomial for the sum of the areas of these 
rectangles. circles. 
3x x x G 
fF : 


4 


Find two algebraic expressions for the area of each figure. First, regard the figure as one large rectangle, and then regard the 
figure as a sum of four smaller rectangles. 


57. r ll 58. t 5 59. x 3 60. x 10 
? t x 8 
x 
r 
3 3 
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Find a polynomial for the shaded area of each figure. 


61. 62. ——— 63. -_— 
ia | 
5 


64. 


|. 15 —+| 


Skill Maintenance 


Solve. [8.3b] 
65. 8x + 3x = 66 66. 5x — 7x = 38 67,580 7 = at — ip Pe 


68. 5x —4 = 26-x 69. 1.5x — 2.7x = 22 — 5.6x 70. 3x —-3=—-4x+4 


Solve. [8.3c] 
71. 6(y— 3) -8=4(y+ 2) +5 72. 8(5x + 2) = 7(6x — 3) 


Solve. [8.7e] 
73. 3x —7=55x+ 13 74, 2(x — 4) > 5(x - 3) +7 


Synthesis 


Find a polynomial for the surface area of each right rectangular solid. 


75. 76. 77. xX _* 
7 5 
3 WwW 
79. Find (y — 2)? using the four parts of this square. Simplify. 
2 80. (3x2 — 4x + 6) — (—2x2 + 4) + (—5x — 3) 
81. (7y* — 5y + 6) — (3y? + By — 12) + (8y? — 10y + 3) 
y 82. (—4 + x2 + 2x3) — (-6 — x + 3x3) -— (—x? — 5x3) 
2 | 83. (—y* — 7y3 + y?) + (-2y4 + 5y — 2) — (-6y3 + y?) 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 

1. a” anda "are reciprocals. [10.1f] 
2a 0 lice 

3. —5y* and —5y? are like terms. [10.3c] 
4. 4920° = 1 [10.1b] 


Guided Solutions 


Fill in each blank with the number or variable that creates a correct statement or solution. 


5. Collect like terms: 4w? + 6w — 8w3 — 3w. [10.3e] 
4w? + 6w — 8w? — 3w = (4 — 8) [] + (6 — 3) 
=[]w?+C]w 


6. Subtract: (3y4 — y* + 11) — (y* — 4y2 +5). [10.4c] 


(3y4 — y2 + 11) — (y4 — 4y2 +5) = 3y4 - y? + IID y*L4y*5 
SL Wa Nien 
Mixed Review 
Evaluate. [10.1b, c] 
Tee 8. 4.569 9. a°, when a = —2 

Multiply and simplify. [10.1d, f] 
DSP 5s 12. (3a)? (3a)? 13,2°° a> 
Divide and simplify. [10.1e, f] 

78 x w> 
15. a 16. x 17.3 
Simplify. [10.2a, b] 

a4\6 

19: (3))° 20. (x3y2)6 21. (<) 


Convert to scientific notation. [10.2c] 


23. 25,430,000 24. 0.00012 25. 3.6 x 10° 


Convert to decimal notation. 


10. —x3, when x = —1 
TAG Feo 
=O) 
1a 
y 


[10.2c] 


26. 1.44 x 108 
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Multiply or divide and write scientific notation for the Evaluate the polynomial when x = —3 and when x = 2. 
result. [10.2d] [10.3a] 
12< 10s 


27. (3 X 10°)(2 x 10-3) 28, ———_— 29. -3x +7 30. x8 — 2x +5 
2.4 X 102 


Collect like terms and then arrange in descending order. [10.3f] 


31. 3x — 2x9 + x — 5x? + 2 32. 4x3 — 9x? — 2x3 + x? + 8x6 

Identify the degree of each term of the polynomial and the Classify the polynomial as a monomial, a binomial, 
degree of the polynomial. [10.3] a trinomial, or none of these. [10.3i] 

dd, 5a Sg 2 et a Sa. = 9 B60 = 20 Ga 


Add or subtract. [10.4a, c] 
37. (3x2 — 1) + (5x2 + 6) 38. (x3 + 2x — 5) + (4x3 — 2x2 — 6) 


39. (5x — 8) — (9x + 2) 40. (0.1x* — 2.4x + 3.6) — (0.5x2 + x — 5.4) 


41. Find a polynomial for the sum of the areas of these rectangles. [10.4d] 


3 y 2y 


Understanding Through Discussion and Writing 


42. Suppose that the length of a side of a square is three 43. Suppose that the length of a side of a cube is twice the 
times the length of a side of a second square. How do the length of a side of a second cube. How do the volumes of 
areas of the squares compare? Why? [10.1d] the cubes compare? Why? [10.1d] 

ox 
1H : 

44, Explain in your own words when exponents should be 45. Without performing actual computations, explain 
added and when they should be multiplied. [10.1d], [10.2a] why 3-29 is smaller than 2-29. [10.1] 

46. Is it better to evaluate a polynomial before or after like 47. Is the sum of two binomials ever a trinomial? Why or 
terms have been collected? Why?  [10.3a, e] why not? [10.3i], [10.4a] 
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We now multiply polynomials using techniques based, for the most part, on 
the distributive laws, but also on the associative and commutative laws. As we 
proceed in this chapter, we will develop special ways to find certain products. 


(a) Multiplying Monomials 
Consider (3x)(4x). We multiply as follows: 


(3x)(4x) =3-x-4-x By the associative law of multiplication 


=3-4:x-x By the commutative law of multiplication 
= (3+ 4)(x- x) By the associative law 
= 19." Using the product rule for exponents 


MULTIPLYING MONOMIALS 


To find an equivalent expression for the product of two monomials, 


multiply the coefficients and then multiply the variables using the 
product rule for exponents. 


' EXAMPLES Multiply. 


1. 5x+ 6x = (5+ 6)(x: x) 


= 30x? Multiplying the coefficients and multiplying 
the variables 


By the associative and commutative laws 


2. (3x)(—x) = (3x)(—-1x) 
= (3)(—1)(a- x) = ~3x? 
3. (—7x5)(4x3) = (-7- 4)(x>- x3) 
—28x5*3 Adding the exponents 
—28x8 Simplifying p 


ll 


After some practice, you will be able to multiply mentally. Multiply the 


coefficients and then the variables by keeping the base and adding the 


exponents. Write only the answer. 


| Do Margin Exercises 1-8. 


(b) Multiplying a Monomial and Any Polynomial 


To find an equivalent expression for the product of a monomial, such as 2x, 
and a binomial, such as 5x + 3, we use a distributive law and multiply each 


term of 5x + 3 by 2x. 


| EXAMPLE 4 Multiply: 2x(5x + 3). 


2x(5x + 3) = (2x)(5x) + (2x)(3) 
= 10x? + 6x 


Using a distributive law 


Multiplying the monomials 


10.5 Multiplication of Polynomials 


andx — y. 
Multiply. 
1. 3(x — 5) 


1. (3x)(—5) 


3. (—x)(—x) 


Bch 252 


T(=ty 9) 


Answers 
Skill to Review: 


1.3x%-15 2. 6y + 82-2 


Margin Exercises: 
1. -15x 2. —x? 
5. 12x76, —B8yl! 


SKILL TO REVIEW 
Objective 7.7c: Use the distributive 
laws to multiply expressions like 8 


2. 2(3y + 4z — 1) 


A, (=59) © x 


4. (-x?)(x3) 


6. (4y°)(-2y°) 


8. 7x5-0 


779 


) EXAMPLE 5 Multiply: 5x(2x? — 3x + 4). 


5x(2x2 — 3x + 4) = (5x)(2x2) — (5x)(3x) + (5x)(4) 
= 10x3 — 15x? + 20x [ 


MULTIPLYING A MONOMIAL AND A POLYNOMIAL 


Multiply. To multiply a monomial and a polynomial, multiply each term of the 
9. 4x(2x + 4) polynomial by the monomial. 


10. 3t7(—5t + 2) 
) EXAMPLE 6 Multiply: —2x?(x3 — 7x? + 10x — 4). 
—2x?(x3 — 7x2 + 10x — 4) 
= (—2x?)(x3) — (—2x*)(7x?) + (—2x?)(10x) — (—2x2)(4) 


11. —5x3(x3 + 5x2 — 6x + 8) 


= —2x5 + 14x4 — 20x3 + 8x? ) 
12. Multiply: (y + 2)(y + 7). Do Exercises 9-11. | 
a) Fillin the blanks in the steps 
of the solution below. Gg ° ° ° ° 
(C) Multiplying Two Binomial 
(y+ 2y(y +7) .¢) Multiplying Two Binomials 
=" Tee To find an equivalent expression for the product of two binomials, we use the 
ave ow ye distributive laws more than once. In Example 7, we use a distributive law 
a Bs Fee three times. 
= + 
+ + | EXAMPLE 7 Multiply: (x + 5)(x + 4). 
ae 
=yrt +14 
b) Write an algebraic expression a on AN AN , ee 
that represents the total area (x + 5)(x + 4) = x(x + 4) + S5(x + 4) Using a distributive law 
of the four smaller rectangles HX KPA Poe e+ 5A Using a distributive 
in the figure shown here. law on each part 
2 =x*+ 4x + 5x + 20 Multiplying the monomials 
= x* + 9x + 20 Collecting like terms 
) 
vy 


To visualize the product in Example 7, consider a rectangle of length 
y i x + 5and width x + 4. 


Multiply. 
1183, (Ge ar £3)\(e ar S) 


14. (x + 5)(x — 4) 


Answers 

9. 8x2 + 16x 10. —15t° + 6f? 
11. —5x® — 25x + 30x4 — 40x3 
12. (a) (y + 2)(y + 7) 


Ae een The total area can be expressed as (x + 5)(x + 4) or, by adding the four 


cee e smaller areas, x2 + 4x + 5x + 20, or x? + 9x + 20. 
ame Ty 
+ 2y +14 Do Exercises 12-14. | 
=y* + 9y+ 14 
(b) (y + 2)(y + 7), ory? + 2y + 7y + 14, or 


y*+9y+14 13. x2 + 13x + 40 
14. x2 + x — 20 
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| EXAMPLE 8 Multiply: (4x + 3)(x — 2). 


AN 
(4x + 3)(x — 2) = 4x(x — 2) + 3(x — 2) Using a distributive 
law 
=4Ax-x—-—4x-24+3-x-—3:-2 Using a distributive 
law on each part 
= 4x2 — 8x + 3x - 6 Multiplying the monomials 
= 4x2 — 5x —6 Collecting like terms Multiply. 
} 15. (5x + 3)(x — 4) 
Do Exercises 15 and 16. IG; (Ze = &)( Ss" = 5) 


(d) Multiplying Any Two Polynomials 


Let’s consider the product of a binomial and a trinomial. We use a distributive 
law four times. You may see ways to skip some steps and do the work mentally. 


! EXAMPLE 9 Multiply: (x2 + 2x — 3)(x2 + 4). 


ALN A, & <—, % 
(x® + 2x — 3)(x?2 + 4) = x2(x2 + 4) + 2x(x* + 4) — 3(x? + 4) 
=? - x? + x? A + On~x? + 2n-4 = 3~ 972 = 3-4 


= x4 + 4x2 + 2x3 + 8x — 3x2 - 12 Multiply. 
= x4 + 2x3 + x2 + 8x — 12 b 17. (x2 + 3x — 4)(x2 + 5) 
| Do Exercises 17 and 18. 18. (3y? — 7)(2y3 — 2y + 5) 


PRODUCT OF TWO POLYNOMIALS 


To multiply two polynomials P and Q, select one of the polynomials—say, 
P.Then multiply each term of P by every term of Q and collect like terms. 


To use columns for long multiplication, multiply each term in the top row 
by every term in the bottom row. We write like terms in columns, and then 
add the results. Such multiplication is like multiplying with whole numbers. 


321 300 + 20+ 1 
x 12 x 1d 2 

642 600 + 40+ 2 Multiplying the top row by 2 
321 3000 + 200 + 10 Multiplying the top row by 10 


3852 3000 + 800+ 50+ 2 = Adding 


| EXAMPLE 10 Multiply: (4x3 — 2x? + 3x)(x? + 2x). 


Ax? — 2x2 + 3x 
x2 + 2x 


8x4 — 4x3 + 6x* — Multiplying the top row by 2x 


4x5 — 2x4 + 3x3 Multiplying the top row by x2 
4x5 + 6x4 — x3 + 6x? Collecting like terms 
i h i Answers 
Line up like terms in columns. 15. 5x2 —17x—12 16. 6x? — 19x + 15 
17, x4 + 3x3 + x? + 15x — 20 
18. 6y> — 20y? + 15y* + 14y — 35 
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EXAMPLE 11 Multiply: (2x2 + 3x — 4)(2x? — x + 3). 


2x7 + 3x-— 4 
2x*- x+ 3 
6x2 + 9x — 12 Multiplying by 3 
—2x3 — 3x2+ 4x Multiplying by —x 
i 4x4 + 6x3 — 8x2 Multiplying by 2x2 
19. Multiply. 4x4 + 4x3 — 5x2 + 13x — 12 Collecting like terms 


3x2 — 2x —5 
D 
axe + x- 2 Do Exercise 19. 


EXAMPLE 12 Multiply: (5x? — 3x + 4)(—2x? — 3). 


When missing terms occur, it helps to leave spaces for them and align like 


terms as we multiply. 


Multiply. 5x3 = sy A 
FUE Be Lae ae ah 92 _ 3 
a6 ar ~15x3 + 9x — 12 Multiplying by —3 
D1 eye apne 10? Gx? — 8x" Multiplying by —2x? 
472 = 6 10x5 — 9x3 — 8x2 +.9x- 12 Collecting like terms 


(| Calculator Corner 


X 


Do Exercises 20 and 21. J 


Checking Multiplication of Polynomials =A partial check of multiplication of polynomials can be performed 
graphically. Consider the product (x + 3)(x — 2) = x2 + x — 6.We will use two graph styles to determine whether this product is 
correct. First, we press Gey to determine whether SEQUENTIAL mode is selected. If it is not, we position the blinking cursor over 
SEQUENTIAL and then press @Mggp. Next, on the Y= screen, we enter y, = (x + 3)(x — 2) and yp = x¢ + x — 6. We will select the 
line-graph style for y, and the path style for yz. To select these graph styles, we use ©) to position the cursor over the icon to the left of 
the equation and press @Ggp repeatedly until the desired style of icon appears, as shown below. Then we graph the equations. 

Y, = & + 3)(x — 2), 
Vo =X? +x-6 
10 


Plot! Plot2 Plot3 


NORMAL @NEN Te! 
\y1 B(X+3)(X—2) 


ROY 0123456789 


EYPYVN] DEGREE ~Y2 B X2+X-6 
UM PAR POL SEQ \Y3 = —10 fot 10 


DOT 
SIMUL 
atbi rei 

HORIZ G-T 


The graphing calculator will graph y, first as a solid line. Then it will graph y2 as the circular cursor traces the leading edge of the 
graph, allowing us to determine visually whether the graphs coincide. In this case, the graphs appear to coincide, so the factorization is 
probably correct. 


A table can also be used to perform a partial check of a product. See the Calculator Corner on p. 772 for the procedure. 
Exercises Determine graphically whether each product is correct. 
1. (x + 5)(x + 4) = x2 + 9x + 20 
3. (5x + 3)(x — 4) = 5x2 + 17x - 12 


(4x + 3)(x — 2) = 4x? - 5x-6 
(2x — 3)(3x — 5) = 6x? — 19x — 15 


2. 
4. 


Answers 

19. 6x4 — x3 — 18x? —x + 10 

20. 3x3 + 13x2 — 6x + 20 

21. 20x4 — 16x3 + 32x? — 32x — 16 
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(a) Multiply. 


1. (8x2)(5) 


5. (8x°)(4x3) 


13. (3x2)(—4x3) (2x8) 


(b) Multiply. 


15. 2x(—x + 5) 


19. x2(x3 + 1) 


23. (—6x)(x2 + x) 


(c) Multiply. 


47. 


~(x+ 


6)(x + 3) 


20. 


24. 


28. 


32. 


36. 


40. 


44, 


48. 


. (4x2)(—2) 


. (10a) (2a?) 


» (—2y?)(10y*)(—3y") 


. 3x(4x — 6) 


—2x3(x2 -— 1) 


For Extra Help 


MyMathLab 


= 


11. 


17. 


2 


_ 


25. 


29. 


33. 


37. 


Al. 


45. 


49. 


PRACTICE 


. (-x2)(-x) 


(0.1x®)(0.3x>) 


(—4x7)(0) 


—5x(x — 1) 


. 3x(2x?2 — 6x + 1) 


(3y2)(6y4 + 8y°) 


(x + 5)(x — 2) 
(x — 4)(x — 3) 
(x — 4)(x + 4) 
(5 — x)(5 — 2x) 
(x — 3)(x — 3) 


(x — 2.3)(x + 4.7) 


Write an algebraic expression that represents the total area of the four smaller rectangles. 
Sl. 52. 53. 54. 
2 1 I 3 
x x x 
x 
3 6 x 7 x 6 
x 8 
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Mthix, (i 


18. 


22. 


26. 


30. 


34. 


38. 


42. 


46. 


50. 


DOWNLOAD 


= |e 


READ REVIEW 


. (-x3)(x2) 


. (0.3x*)(—0.8x5) 


. (—4m?)(—-1) 


—3x(-x — 1) 


4x(2x3 — 6x? — 5x +1) 


(4y*)(y3 — 6y?) 


(x + 6)(x — 2) 
(x — 7)(x - 3) 

(x — 9)(x +9) 

(3 — 4x)(2 — x) 

(x — 6)(x — 6) 

(2x + 0.13)(2x — 0.13) 


Draw and label rectangles similar to the one following Example 7 to illustrate each product. 
57. (x + 1)(x + 2) 


55. x(x + 5) 


58. (x + 3)(x + 1) 


di) Muttipiy. 


61. (x* + x + 1)(x- 1) 

64. (3x — 1)(4x? — 2x - 1) 
67. (x2 + x2)(x3 + x2 — x) 
70. (—4x3 + 5x2 — 2)(5x? + 1) 


73. (22 — t — 4)(3t? + 2t- 1) 


76. (x — x3 + x°)(3x2 + 3x6 + 3x4) 


lo) 
—_ 
— 
S 
NiH 
" 
— 
i) 
a 
[ex 
aS 
eS 
i) 
ow 
aS 
ine) 
So 


Skill Maintenance 


Simplify. 


11 
MH] es 
49 el 


Factor. [7.7d] 
87. 15x — 18y + 12 


1 
91. Graph: y = 3% — 3. [9.5a] 


84, —3.8 — (—10.2) 


88. 16x — 24y + 36 


56. x(x + 2) 


59. (x + 5)(x + 3) 


62. (x* + x — 2)(x + 2) 


65. (y* — 3)(3y* — 6y + 2) 


68. (x3 — x2)(x3 — x2 + x) 


71. (1+ x 4+ x*)(-1— x + x?) 


74, (3a* — 5a + 2)(2a? — 3a + 4) 


77. (x3. + x2 4+ x4 1)(x- 1) 


60. (x + 4)(x + 6) 


63. (2x + 1)(2x7 + 6x + 1) 


66. (3y? — 3)(y* + 6y + 1) 


69. (—5x3 — 7x2 + 1)(2x? — x) 


721 


75. (x — x3 + x°)(x? — 14 x4) 


78. (x 


82. (x + 3)(6x3 — 12x? - 5x + 3) 


85. (10 — 2)(10 + 2) 
[7.8d] 


89. —9x — 45y + 15 


86. 10 —-2+(-6)*+3- 
[7.8d] 


90. 100x — 100y + 1000a 


92. Solve: 4(x — 3) = 5(2 
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3x) + 1. [8.3c] 


2 


Copyright © 2012 Pearson Education, Inc. 


Synthesis 


Find a polynomial for the shaded area of each figure. 


93. l4y—5 
3y 


6y 3y+5 


95. A box with a square bottom is to be made from a 12-in.- 
square piece of cardboard. Squares with side x are cut 
out of the corners and the sides are folded up. Find the 
polynomials for the volume and the outside surface 
area of the box. 


94. 21t+8 


For each figure, determine what the missing number must be in order for the figure to have the given area. 


96. Area = x2 + 7x + 10 


98. An open wooden box is a cube with side x cm. The 
box, including its bottom, is made of wood that is 1 cm 
thick. Find a polynomial for the interior volume of 
the cube. 


Compute and simplify. 
100. (x + 3)(x + 6) + (x + 3)(x + 6) 


102. (x + 5)? — (x — 3/2 


103. Extend the pattern and simplify: 
(x — a)(x — b)(x — c)(x — d)-+:(x — 2). 


97. Area = x2 + 8x + 15 


99. Find a polynomial for the volume of the solid shown 
below. 


(x+ 2)m 


xm 


104. (KU Use a graphing calculator to check your answers 


to Exercises 15, 29, and 61. Use graphs, tables, or both, 
as directed by your instructor. 
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STUDY TIPS 


MEMORIZING FORMULAS 


Memorizing can be a very helpful 
tool in the study of mathematics. 
Don't underestimate its power as 


you consider the special products. 
Consider putting the rules, in 
words and in math symbols, on 
index cards and reviewing them 
many times. 


We encounter certain products so often that it is helpful to have faster 
methods of computing. Such techniques are called special products. We now 
consider special ways of multiplying any two binomials. 


(a) Products of Two Binomials Using FOIL 


To multiply two binomials, we can select one binomial and multiply each 
term of that binomial by every term of the other. Then we collect like terms. 
Consider the product (x + 3)(x + 7): 


x ¥>— AN AN 


(x + 3)(x + 7) = x(x + 7) + 3(x + 7) 
=xX-Xt+xX-74+3-xX4+3-7 
= x2 + 7x + 3x + 21 
= x2 + 10x-+ 21, 
This example illustrates a special technique for finding the product of two 
binomials: 


First Outside Inside Last 
terms terms terms’ terms 


rr rn re 


(x+3)\(x+7)=x-x+ 7-x +3-x + 3-7. 


To remember this method of multiplying, we use the initials FOIL. 


THE FOIL METHOD 


To multiply two binomials, A + Band C + D, multiply the First terms 
AC, the Outside terms AD, the Inside terms BC, and then the Last terms 
BD. Then collect like terms, if possible. 


(A + B)(C+ D) = AC + AD+ BC+ BD 
. Multiply First terms: AC. 


. Multiply Outside terms: AD. 
. Multiply Inside terms: BC. 
. Multiply Last terms: BD. 


FOIL 


EXAMPLE 1 Multiply: (x + 8)(x* — 5). 
We have 
F O I L 
(x + 8)(x? — 5) =x-x2 + x-(-5) + 8- x? + 8(-5) 
= x3 — 5x + 8x? — 40 
= x5 + 8x? — 5x — 40, 
Since each of the original binomials is in descending order, we write the product 
in descending order, as is customary, but this is not a “must.” 
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Often we can collect like terms after we have multiplied. 


' EXAMPLES Multiply. 


2. (x + 6)(x — 6) = x2 -—6x+6x-36 Using FOIL 
= x* — 36 Collecting like terms 
3. (x + 7)(x + 4) = x2 + 4x + 7x + 28 
= x* + 11x + 28 
4. (y— 3)(y— 2) = y? — 2y-— 3y + 6 
=y? -— 5y +6 
5. (x3 — 5)(x3 + 5) = x8 + 5x3 — 5x3 — 25 
= £° = 25 
6. (423 + 5)(3t2 — 2) = 1229 — 83 + 15t2 — 10 ! 
| Do Exercises 1-8. 
) EXAMPLES Multiply. 
7. (x — 3\(x + 3) = x2 + 3x-2x-4 
= x24 
8. (x? — 0.3)(x? — 0.3) = x4 — 0.3x? — 0.3x? + 0.09 
= x* — 0.6x? + 0.09 
9. (3 — 4x)(7 — 5x3) = 21 — 15x3 — 28x + 20x4 
= 21 — 28x — 15x3 + 20x4 


(Note: If the original polynomials are in ascending order, it is natural to 
write the product in ascending order, but this is not a “must.”) 


10. (5x4 + 2x3)(3x2 


Ts) = 155° 


35x° 


6x° — 14x4 


= 15x® 


29x? 


14x4 ) 


| Do Exercises 9-12. 


We can show the FOIL method geometrically as follows. 


The area of the large rectangle is 


(A + B)(C + D). 
The area of rectangle @ is AC. 


The area of rectangle @) is AD. 


The area of rectangle @) is BC. 
The area of rectangle @is BD. 


The area of the large rectangle is the sum of the areas of the smaller rectan- 


gles. Thus, 


(A+ B)(C+ D) = AC+ AD + BC+ BD. 


pom, 


of Two Terms 


(b) Multiplying Sums and Differences 


Consider the product of the sum and the difference of the same two terms, 


such as 


(x + 2)(x — 2). 


Multiply mentally, if possible. If you 
need extra steps, be sure to use 
them. 


1. (x + 3)(x + 4) 


2. (x + 3)(x — 5) 

3. (2x — 1)(x — 4) 

4, (2x2 — 3)(x — 2) 
5. (6x2 + 5)(2x3 + 1) 
GP ay = 7) 
do (E+ 2yle EB) 


8. (2x4 + x2)(—x3 + x) 


10. (x3 — 0.5)(x* + 0.5) 


11. (2 + 3x2)(4 — 5x?) 


1 


2. (6x3 — 3x2)(5x2 — 2x) 


Answers 


11. 8 + 2x? — 15x4 


1. x2 + 7x + 12 
3. 2x2 - 9x +4 
5. 

7. t2+5t+6 
9 


2. x2 — 2x - 15 

4. 2x3 — 4x2 - 3x +6 
12x5 + 10x23 + 6x2 +5 6. y® — 49 
8. —2x? + x5 + x3 


10. x° + 0.5x3 — 0.5x2 — 0.25 
12. 30x° — 27x4 + 6x3 
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Multiply. 
1S} (Ge ar See = S) 


IAL, (Bee = S)\(Bse ae) 


Multiply. 
ils}, (Ge ar S)\(ge = 3) 


3; (Ge = (ee ar 7) 
17. (6 — 4y)(6 + 4y) 


18. (2x3 — 1)(2x3 + 1) 


Answers 

13. x2-—25 14. 4x2 -9 

16. x2— 49 17. 36 — 16y? 
4 

19. x2 — 


25 
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15. x2 — 64 
18. 4x® — 1 


Since this is the product of two binomials, we can use FOIL. This type of prod- 
uct occurs so often, however, that it would be valuable if we could use an even 
faster method. To find a faster way to compute such a product, look for a pat- 
tern in the following: 


a) (x + 2)(x-— 2) =x2-2x+2x-4 Using FOIL 
=x2-4; 
b) (3x — 5)(3x + 5) = 9x* + 15x — 15x — 25 
= 9x2 — 25, 


Do Exercises 13 and 14. | 


Perhaps you discovered in each case that when you multiply the two bi- 
nomials, two terms are opposites, or additive inverses, which add to 0 and 
“drop out.” 


PRODUCT OF THE SUM AND 
THE DIFFERENCE OF TWO TERMS 
The product of the sum and the difference of the same two terms is the 


square of the first term minus the square of the second term: 


(A + B)(A — B) = A? — B*. 


It is helpful to memorize this rule in both words and symbols. (If you do 
forget it, you can, of course, use FOIL.) 


EXAMPLES Multiply. (Carry out the rule and say the words as you go.) 
(A + B)(A — B) = A? — B 


Vvyvy vy yo 
11. (x + 4)(x — 4) = x*- 4% = “The square of the first term, x2, 


minus the square of the second, 42” 


=x? - 16 Simplifying 
12. (5 + 2w)(5 — 2w) = 5% — (2w)? 
= 25 = 4w? 
13. (3x2 — 7)(3x2 + 7) = (3x2)? — 72 
= 9x4 — 49 
14. (—4x — 10)(—4x + 10) = (—4x)* — 102 
= 16x — 100 


Do Exercises 15-19. 


‘€) Squaring Binomials 


Consider the square of a binomial, such as (x + 3)?. This can be expressed as 
(x + 3)(x + 3). Since this is the product of two binomials, we can use FOIL. 
But again, this type of product occurs so often that we would like to use an 
even faster method. Look for a pattern in the following. 


Polynomials: Operations 


a) (x + 3)? = (x + 3)(x + 3) b) (x — 3)? = (x — 3)(x — 3) 


=x2+3x+3x+9 = x2 — 3x — 3x +9 
=x2+6x+9; =x*- 6x+9; 

c) (5 + 3p)* = (5 + 3p)(5 + 3p) d) (3x — 5)* = (3x — 5)(3x — 5) 
= 25 + 15p + 15p + 9p? = 9x2 — 15x — 15x + 25 
= 25 + 30p + 9p; = 9x2 — 30x + 25 


| Do Exercises 20 and 21. 


When squaring a binomial, we multiply a binomial by itself. Perhaps you 
noticed that two terms are the same and when added give twice the product 
of the terms in the binomial. The other two terms are squares. 


SQUARE OF A BINOMIAL 


The square of a sum or a difference of two terms is the square of the 
first term, plus twice the product of the two terms, plus the square of 
the last term: 


(A + B)? = A? + 2AB + B; 


(A — B)2 = A? — 2AB + B?. 


It is helpful to memorize this rule in both words and symbols. 


EXAMPLES Multiply. (Carry out the rule and say the words as you go.) 
(A + B)? = A2 + 2+A+B + B 


Vn en a an 


16. (x + 3)? =x?+2-x-34 34 
=x*+6x+9 


“x? plus 2 times x times 3 plus 32” 


17. (t-— 5)? = t?-2-t-5+45? 
= t? — 10t+ 25 


18. (2x + 7)* = (2x)? + 2-2x-7 + 7% = 4x2 + 28x + 49 


19. (5x — 3x2)? = (5x)* — 2-5x- 3x2 + (3x2)? = 25x? — 30x3 + 9x4 
20. (2.3 — 5.4m)? = 2.37 — 2(2.3)(5.4m) + (5.4m)? 
= 5.29 — 24.84m + 29.16m? 


Do Exercises 22-27. 


Caution! 


Although the square of a product is the product of the squares, the square 
of asum is not the sum of the squares. That is, (AB)* = A?B2, but 


oa The term 2AB is missing. 
(A + B)? # A? + B, 


To illustrate this inequality, note, using the rules for order of operations, 
that 


(7 + 5)* = 12% = 144, 


whereas 


724 5%=49+25=74, and 74 # 144. 


Multiply. 
20. (x + 8)(x + 8) 


Alls (se = S)\(e = 5) 


Multiply. 
22. (x + 2)? 


23. (a — 4)? 

24, (2x + 5)? 

25. (4x2 — 3x)? 

26. (7.8 + 1.2y)(7.8 + 1.2y) 


27. (3x2 — 5)(3x2 — 5) 


Answers 


20. x2 +16x+64 21. x2 — 10x +25 
22.x2+4x+4 23. a2 - 8a+16 

24. 4x2 + 20x +25 25. 16x4 — 24x3 + 9x? 
26. 60.84 + 18.72y + 1.44y? 

27. 9x4 — 30x? + 25 
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28. In the figure at right, describe in 
terms of area the sum A? + B?. 
How can the figure be used to 
verify that (A + B)? # A? + B 


CHECKLIST 


The foundation of all your study 
skills is TIME! 


e Are you taking the time to 
include all the steps when 
doing your homework and 
taking tests? 

e Are you using the time- 
management suggestions we 
have given so that you have 
the proper amount of time to 
study mathematics? 


e Have you been using the 
supplements for the text such 
as the Student’s Solutions 
Manual? 


e Have you memorized the rules 
for special products of polyno- 
mials and for manipulating 
expressions with exponents? 


Answer 


28. (A + B)? represents the area of the large 
square. This includes all four sections. A* + B* 
represents the area of only two of the sections. 


We can look at the rule for finding (A + B)* geometrically as follows. The 
area of the large square is 


(A + B)(A + B) = (A+ B)2. 


This is equal to the sum of the areas of the 
smaller rectangles: 


A* + AB + AB + B* = A? + 2AB + B2. 
Thus, (A + B)? = A* + 2AB + B?. 


Do Exercise 28. | 


(d) Multiplication of Various Types 


Let’s now try several types of multiplications mixed together so that we can 
learn to sort them out. When you multiply, first see what kind of multiplica- 
tion you have. Then use the best method. 


MULTIPLYING TWO POLYNOMIALS 

1. Is it the product of a monomial and a polynomial? If so, multiply 
each term of the polynomial by the monomial. 
Example: 5x(x + 7) = 5x-x + 5x-7 = 5x? + 35x 

2. Is it the product of the sum and the difference of the same two 
terms? If so, use the following: 

(A + B)(A — B) = A? — B?. 

The product of the sum and the difference of the same two terms 
is the difference of the squares. [The answer has 2 terms.] 
Example: (x + 7)(x — 7) = x* — 7? = x* — 49 

3. Is the product the square of a binomial? If so, use the following: 

(A + B)(A + B) = (A+ B)* = A* + 2AB + B?, 

or (A — B)(A — B) = (A — B)? = A? — 2AB + B?. 
The square of a binomial is the square of the first term, plus twice 


the product of the two terms, plus the square of the last term. [The 
answer has 3 terms.] 


Example: (x + 7)(x + 7) = (x + 7)? 
=x? +2+4°7 + 7 = x2 + 14x +49 
4. Is it the product of two binomials other than those above? If so, use 
FOIL. [The answer will have 3 or 4 terms.] 
Example: (x + 7)(x — 4) = x2 — 4x + 7x — 28 = x2 + 3x — 28 
5. Is it the product of two polynomials other than those above? If so, 
multiply each term of one by every term of the other. Use columns 


if you wish. [The answer will have 2 or more terms, usually more 
than 2 terms.] 


Example: 

(x2 — 3x + 2)(x + 7) = x2(x + 7) — 3x(x + 7) + 2(x + 7) 
= x2-x4+x2-7-3x-x—- 3x-7 
PQ er Led 
= x3 + 7x2 — 3x2 — 21x + 2x + 14 
= x3 + 4x - 19x + 14 
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Remember that FOIL will always work for two binomials. You can use it 
instead of either of rules 2 and 3, but those rules will make your work go faster. 


EXAMPLE 21 Multiply: (x + 3)(x — 3). 


(x + 3)(x-3)=x2-9 Using method 2 (the product of the sum 
and the difference of two terms) 


EXAMPLE 22 Multiply: (¢ + 7)(t— 5). 


(t+ 7)(t — 5) = t? + 2t- 35 Using method 4, FOIL (the product of 
two binomials, but neither the square 
of a binomial nor the product of the 
sum and the difference of two terms) 


EXAMPLE 23 Multiply: (x + 6)(x + 6). 


(x + 6)(x + 6) = x? + 2(6)x + 36 — Using method 3 (the square of a 
binomial sum) 


= x2 4+ 12x + 36 i 


EXAMPLE 24 Multiply: 2x3(9x* + x — 7). 


2x3(9x?2 + x — 7) = 18x° + 2x4 — 14x32 Using method 1 (the 
product of a monomial 
and a trinomial; multi- 
plying each term of the 
trinomial by the 
monomial) ) 


EXAMPLE 25 Multiply: (5x3 — 7x)2. 


(5x3 — 7x)* = 25x86 — 2(5x3)(7x) + 49x Using method 3 (the 
square of a binomial) 


: ; 4 Multiply. 
= 25x6 — 70x4 + 49x t OO), (ote 
EXAMPLE 26 Multiply: (3x + })?. 30. (t — 4)(t + 4) 


(3x + 3)? = 9x? + 2(3x)(7) + 7g Using method 3 (the square ofa 


binomial. To get the middle term, 
we find twice the product of 3x 


31. 4x2(—2x3 + 5x2 + 10) 


32. (9x2 + 1)2 


and j.) 
a gti aon. 4 A j 
= 9x° + 5x + 36 33. (2a — 5)(2a + 8) 
; . — 3)2 2 
EXAMPLE 27 Multiply: (4x — #)?. om (se A y 
(4x — 3)? = 16x? — 2(4x)(3) + 3% Using method 3 (the square 
of a binomial) 1\2 
= lox? = 6443 i 35. (2x - 3) 
EXAMPLE 28 Multiply: (p + 3)(p* + 2p — 1). 36. (x2 — x + 4)(x — 2) 
p?+2p-1 Using method 5 (the product of 
p+3 two polynomials) 
3p2 + 6p—3 Multiplying by3 Answers 
3 2 Bae 29. x2 + 11x +30 30. 17-16 
pe + 2p*— p Multiplying by p 31. -8x5+20x4+40x2 32. 81x4 + 18x2 +1 
pap ops 3 t 33. 4a2+6a—40 34. 5x2 + Sx +t 


| Do Exercises 29-36. 35. 4x? — 2x 4 ; 36. x3 — 3x? + 6x — 8 
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Visualizing 
for Success 


In each of Exercises 1-10, find two algebraic 
expressions for the shaded area of the figure 
from the list below. 


A. 


B. 


9 — 4x? 

x? — (x — 6)? 
(x + 3)(x — 3) 
10* + 22 

x? + 8x+15 


(x + 5)(x + 3) 


. x7 -6x+9 


. (3 — 2x)* + 4x(3 — 2x) 


(x + 3)? 
(5x + 3)? 


(5 — 2x)? + 4x(5 — 2x) 


12x — 36 
25x2 + 30x +9 


(x — 5)(x — 3) 
+ 3(x — 5) + 5(x — 3) 


S23) 
25 — 4x? 


x2 +6x+9 


Answers on page A-23 


For Extra Help 


MyMathLab 


Mathixy 


PRACTICE 


(a) Multiply. Try to write only the answer. If you need more steps, be sure to use them. 


1. (x + 1)(x? + 3) 2. (x2 — 3)(x - 1) 
5. (y + 2)(y — 3) 6. (a+ 2)(a + 3) 
9. (5x — 6)(x + 2) 10. (x — 8)(x + 8) 
13. (4x — 2)(x — 1) 14, (2x — 1)(3x + 1) 
17. (x — 0.1)(x + 0.1) 18. (x + 0.3)(x — 0.4) 
21. (—2x + 1)(x + 6) 22. (3x + 4)(2x — 4) 
25. (1 + 2x)(1 — 3x) 26. (—3x — 2)(x + 1) 
29. (x2 + 3)(x3 - 1) 30. (x4 — 3)(2x + 1) 
32. (x19 + 3)(x10 — 3) 33. (2.8x — 1.5)(4.7x 


3. (x3 + 2)(x + 1) 


7. (3x + 2)(3x + 2) 


11. (3 — 1)(3t + 1) 


15. (p — 3)(p + 3) 


19. (2x2 + 6)(x + 1) 


23. (a + 7)(a + 7) 


27. (sy — 8)(ay - 8) 


31. 


+ 9.3) 
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My 
WATCH DOWNLOAD READ REVIEW. 


4. (x4 + 2)(x + 10) 


8. (4x + 1)(4x + 1) 


12. (2m + 3)(2m + 3) 


16. (q + 3)(q + 3) 


20. (2x? + 3)(2x — 1) 


24. (2y + 5)(2y + 5) 


(3x2 — 2)(x4 — 2) 


34. (x — 3\(x + 4) 
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35. 


39. 


41. 


43. 


47. 


Sl. 


53. 


55. 


59. 


61. 


63. 


67. 


(3x° + 2)(2x + 6) 36. (1 — 2x)(1 + 3x?) 


(4x? + 3)(x — 3) 


(4y* + y*)(y? + y) 


37 


40 


42. (5y® + 3y3)(2y® + 2y3) 


. (8x3 + 1)(x3 + 8) 


. (7X — 2)(2x — 7) 


Multiply mentally, if possible. If you need extra steps, be sure to use them. 


(x + 4)(x — 4) 44. (x + 1)(x - 1) 


(5m — 2)(5m + 2) 


48. (3x* + 2)(3x4 — 2) 


(3x4 — 4)(3x4 + 4) 


(x® — x?)(x® + x?) 


(x4 + 3x)(x4 — 3x) 56. G + 2x3)(3 - 2x3) 


(2y* + 3)(2y® = 3) 


(3x = 4.3)(3 x a 4.3) 


45. 


49 


52 


54 


57. 


60. 


62 


(2x + 1)(2x — 1) 


. (2x% + 3)(2x? — 3) 


. (t2 — 0.2)(t? + 0.2) 


. (2x3 — 0.3)(2x3 + 0.3) 


. (10.7 — x3)(10.7 + x3) 


Multiply mentally, if possible. If you need extra steps, be sure to use them. 


(x + 2)? 64. (2x — 1)? 


(a - 3) 68. (2a — 3) 
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65 


69 


. (3x2 + 1)? 


. (3 + x)? 


38. (4 — 2x)(5 — 2x?) 


46. (x2 + 1)(x? - 1) 


50. (6x° — 5)(6x° + 5) 


58. (12 — 3x2)(12 + 3x?) 


66. (3x + 3)? 


70. (x? — 1)? 
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71. (x? + 1)? 


75. (5 + 6t7)2 


72. 


76. 


d Multiply mentally, if possible. 


79. (3 — 2x3)? 


83. (2x? — })(2x? — 3) 


87. 312(5¢3 — t? + t) 


91. (3x + 2)(4x2 + 5) 


95. (¢— 1)(t? + t+ 1) 


80. 


84. 


88. 


. (8x — x7)? 


(3p? — p)? 


(x — 4x3)? 


(—x?2 + 1)? 


. —6x?2(x3 + 8x — 9) 


. (2x2 — 7)(3x% + 9) 


Compute each of the following and compare. 


97. 32 + 42;(3 + 4)? 


98 


Oe aa ease a 


Find the total area of all the shaded rectangles. 


101. | 


Skill Maintenance 


102. 


73. 


77. 


81. 


85. 


89. 


93. 


96. 


99. 


103. 


(2 — 3x4)? 74. (6x3 — 2)? 

(x - 8)? 78. (0.3y + 2.4)? 

Ax(x* + 6x — 3) 82. 8x(—x° + 6x? + 9) 

(-1 + 3p)(1 + 3p) 86. (—3q + 2)(3q + 2) 

(6x4 + 4)2 90. (8a + 5)? 

(8 — 6x4)? 94, (x? + 9)(3 x? — 7) 
(yr SG" = by + 25) 


g* — 545(9 — 5)2 100. 11? — 47;(11 — 4)? 


t 6 104. x 7 


105. Electricity Usage. In apartment 3B, lamps, an air conditioner, and a television set are all operating at the same time. The 
lamps use 10 times as many watts of electricity as the television set, and the air conditioner uses 40 times as many watts as 
the television set. The total wattage used in the apartment is 2550. How many watts are used by each appliance? [8.6a] 
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Solve. [8.3c] 
106. 3x — 8x = 4(7 — 8x) 


Solve. [8.4b] 
109. 3x — 2y = 12, fory 


Synthesis 


Multiply. 
111. 5x(3x — 1)(2x + 3) 


114. (a — 3)?(a + 3)? 


(Hint: Examine Exercise 113.) 


107. 3(x — 2) = 5(2x + 7) 108. 5(2x — 3) — 2(3x — 4) = 20 


110. 3a — 5d = 4, fora 


112. [(2x — 3)(2x + 3)](4x? + 9) 113. [(a — 5)(a + 5)/* 


115. (3¢4 — 2)?(3t4 + 2)? 116. [3a — (2a — 3)][3a + (2a — 3)] 
(Hint: Examine Exercise 113.) 


118. (2x + 5)(x — 4) = (x + 5)(2x — 4) 


119. Factors and Sums. To factor a number is to express it as a product. Since 12 = 4 - 3, we say that 12 is factored and that 4 
and 3 are factors of 12. In the table below, the top number has been factored in such a way that the sum of the factors is the 
bottom number. For example, in the first column, 40 has been factored as 5 - 8, and 5 + 8 = 13, the bottom number. Such 
thinking is important in algebra when we factor trinomials of the type x? + bx + c. Find the missing numbers in the table. 


PRODUCT 


A+B 


a) Find a polynomial for the area of the entire 
rectangle. 

b) Find a polynomial for the sum of the areas of the two 
small unshaded rectangles. 

c) Find a polynomial for the area in part (a) minus the 
area in part (b). 

d) Find a polynomial for the area of the shaded region 


and compare this with the polynomial found in part (c). 


M@wA Use the TABLE or GRAPH feature to check whether each of the following is correct. 


121. (x — 1)? = x2 - 2x4+1 


123. (x — 3)(x + 3) = x? 
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122. (x — 2)? = x*- 4x -4 


124, (x — 3)(x + 2) =x*-x-6 


Polynomials: Operations 
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The polynomials that we have been studying have only one variable. A 
polynomial in several variables is an expression like those you have already 
seen, but with more than one variable. Here are two examples: 


3x + xy2+5y+4,  8xy2z — 2x3z — 13x4y? + 15. 


(a) Evaluating Polynomials 


EXAMPLE 1 Evaluate the polynomial 4 + 3x + xy? + 8x3y? when x = —2 
andy = 5. 
We replace x with —2 and y with 5: 


4+ 3x + xy? + Bx3y3 = 4 + 3(-2) + (—2) - 5% + 8(—-2)8 - 53 
= 4 + 3(-2) + (—2) - 25 + 8(-8)(125) 
4 — 6 — 50 — 8000 
—8052. ) 


ll 


ll 


EXAMPLE 2 Male Caloric Needs. The number of calories needed each 
day by a moderately active man who weighs w kilograms, is h centimeters tall, 
and is a years old can be estimated by the polynomial 


19.18w + 7h — 9.52a + 92.4. 


Steve is moderately active, weighs 82 kg, is 185 cm tall, and is 67 yr old. What 
are his daily caloric needs? 
Source: Parker, M., She Does Math. Mathematical Association of America 


Breakfast Dinner 
Oatmeal with skim milk-231 calories 
Cinnamon raisin bagel-350 calories 
Orange juice-83 calories 


Chicken breast—-142 calories 
Wild rice-166 calories 
Broccoli—42 calories 
Cranberry sauce-209 calories 


Lunch 

Peanut butter and jelly sandwich— 
1018 calories 

Apple-81 calories 


We evaluate the polynomial for w = 82, h = 185, anda = 67: 


19.18w + 7h — 9.52a + 92.4 
= 19.18(82) + 7(185) — 9.52(67) + 92.4 Substituting 
= 2322.32. 


Steve's daily caloric need is about 2322 calories. ) 


| Do Exercises 1-3. 


a) eat 
Bien 
e)e 
d : 
e 

f 


1. Evaluate the polynomial 


AGE pede sale ae ee) 
when x = 2andy = —5. 


. Evaluate the polynomial 


8xy2 — 2x3z — 13x4y2 +5 
when x = —1,y = 3,andz = 4. 


. Female Caloric Needs. The 


number of calories needed each 
day by a moderately active 
woman who weighs w pounds, 
is h inches tall, and is a years 
old can be estimated by the 
polynomial 

917 + 6w + 6h — 6a. 


Christine is moderately active, 
weighs 125 Ib, is 64 in. tall, and is 
27 yr old. What are her daily 
caloric needs? 


Source: Parker, M., She Does Math. Mathematical 
Association of America 


Answers 
1. —7940 2. -176 3. 1889 calories 
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‘b) Coefficients and Degrees 


The degree of a term is the sum of the exponents of the variables. The degree 
of a polynomial is the degree of the term of highest degree. 


_ EXAMPLE 3 Identify the coefficient and the degree of each term and the 
degree of the polynomial 


9x2y3 — l4xy2z3 + xy + 4y + 5x2 + 7. 


TERM COEFFICIENT DEGREE DEGREE OF THE POLYNOMIAL 


9x2y3 9 5 
—14xy2z3 —14 6 6 

4. Identify the coefficient of ny ’ ; 

Bache ay 4 1 Think: 4y = 4y}. 

2 
3xy2 + 3x2y — 2y3 + xy + 2. ou 5 = 
7 7 0 Thinks 7 = 7x°, or Te oyZ?, 

5. Identify the degree of each \ 

term and the degree of the p 

polynomial 


Axy” + 7x2y3z? — 5x + 2y + 4. Do Exercises 4 and 5. } 


-C) Collecting Like Terms 
Like terms have exactly the same variables with exactly the same exponents. 
For example, 
3x2y3 and —7xy? are like terms; 
9x4z’ and 12x4z’ are like terms. 
But 


13xy° and —2xy° are not like terms, because the x-factors have 
different exponents; 


and 


3xyz* and 4xy are not like terms, because there is no factor of z* in the 
second expression. 


Collecting like terms is based on the distributive laws. 
_ EXAMPLES Collect like terms. 


4, 5x7y + 3xy” — 5x2y — xy? = (5 — 5)x?y + (3 — 1)xy? = 2xy? 
5. 8a2 — 2ab + 7b? + 4a? — 9ab — 17b? = 12a2 — 1lab — 10b2 


Collect like terms. 


_ 2 2 = 3 _ 3 = 
6. 4x2y + 3xy — 2x2y 6. 7xy — Sxy* + 3xy 7+ 6x? + Oxy — 11x? +y- 1 


= l6xy — 2xy? - 5x3 +y-8 


7. —3pq — 5pqr? — 12 + 8pq + 


5pqre + 4 Do Exercises 6 and 7. 


Answers 
4... —3,.3;—2, 1,2 5. 3,7) 11,0; 7 
6. 2x2y + 3xy 7. Spq — 8 
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(d) Addition 


We can find the sum of two polynomials in several variables by writing a plus 
sign between them and then collecting like terms. 


EXAMPLE 7 Add: (—5x3 + 3y — 5y2) + (8x3 + 4x2 + 7y2). 
(-5x3 + 3y — 5y2) + (8x3 + 4x? + 7y?) 
= (=5 + 8)x9 + 4x? + By + (=5 + 7)y? 
= 3x3 + 4x? + 3y + 2y? } 


EXAMPLE 8 Add: 
(Sxy? — 4x2y + 5x3 + 2) + (3xy? 
We have 
(Sxy? — 4x2y + 5x3 + 2) + (3xy? — 2x2y + 3x3y — 5) 
= (5 + 3)xy* + (-4 — 2)x*y + 5x3 + 3x5y + (2 — 5) 
3+ 3x3y — 3, : 


2x7y + 3x3y — 5). 


= 8xy” — 6x?y + 5x 


Do Exercises 8-10. 


(e) Subtraction 


We subtract a polynomial by adding its opposite, or additive inverse. The 
opposite of the polynomial 4x2y — 6x3y? + xy? — 5yis 


(4x2y — 6x3y2 + x2y? — By) = 


Ax?y + 6x3y? — x2y? + 5y. 


EXAMPLE 9 Subtract: 


(4x2y + x3y? + 3x2y3 + 6y + 10) — (4x2y — 6x3y? + x?y? — 5y — 8). 
We have 
(4x2y + x3y? + 3x2y3 + 6y + 10) — (4x2y — 6x3y?2 + x2y? — 5y — 8) 


= 4x*y + x3y?2 + 3x2y3 + 6y + 10 — 4x2y + 6x3y2 — x2y? + Sy + 8 

Finding the opposite by changing the sign of each term 
= 7x3y* + 3x2y3 — x2y2 + lly +18. Collecting like terms. (Try to 
write just the answer!) 


Caution! 
Do not add exponents when collecting like terms—that is, 


7x3 + 8x3 # 15x®, <— Wrong 
7x3 + 8x3 = 15x3.<— Correct 


| Do Exercises 11 and 12. 


Add. 
8. (4x3 + 4x2 — By — 3) 4 
(—8x3 — 2x2 + 4y + 5) 


9. (13x3y + 3x2y — 5y) + 
(x3y + 4x2y — 3xy + 3y) 


Subtract. 
11, (—4s4t + 5322 + 252¢3) 
(4s4t — 5s3t?2 + st?) 


12. (—5p4*q + 5p%q? 
1g = 2) — Ape 
Pe =) 


3p2q? 
4p3q? 4 


Answers 
8. —4x3 + 2x2 — ay + 2 
9. 14x3y + 7x2y — 3xy — 2y 
10. —5p2q* + 2p2q? + 3p2q + 6pq? 4 
11. —8s4t + 65322 + 25213 — 524? 
12. —9p4q + 9pq* — 4p*q? — 9q4 + 5 


3q +5 
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Multiply. 
13. (x2y3 + 2x)(x3y? + 3x) 


14, (p'q — 2p°q* + 3q°)(p > 2q) 


Multiply. 
(3xy + 2x)(x* + 2xy?) 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


a2. 


(x — 3y)(2x — 5y) 


(4x + 5y)? 
(3x? — 2xy 


(2xy? + 3x 


Ae 


Nay? = 3x) 


(3xy? + 4y)(—3xy? + 4y) 


(Gy ae ah = See)i(siy ar 2) ae See)) 


(a ovE! 


Answers 


13. 


. poq — 4p3q3 + 
. 3x3y + 6x2y3 
. 2x2 — l1xy + 15y2 
. 16x? + 40xy + 
. 9x4 — 12x32 4 
. 4x2y4 — 9x2 

. Oy? + 24y + 16 — 9x2 

. 4a* — 25b* — 10be — c? 


QV} = 0 = @) 


xby5 2x4y2 


3x3y3 + 6x2 
3pq? + 6q" 


2x3 + 4x2y2 


25y2 


800 


L 4x2y4 
20. 16y2 — 9x2y4 


(f) Multiplication 


To multiply polynomials in several variables, we can multiply each term of 
one by every term of the other. We can use columns for long multiplications 
as with polynomials in one variable. We multiply each term at the top by 
every term at the bottom. We write like terms in columns, and then we add. 


) EXAMPLE 10 Multiply: (3x2y — 2xy + 3y)(xy + 2y). 


3x2y — 2xy + 3y 


xy + 2y 
6x2y? — Axy? + 6y? Multiplying by 2y 
3x3y2 — 2x2y2 + 3xy2 Multiplying by xy 
3x3y? + 4x2y? — xy* + 6y2 Adding [ 


Do Exercises 13 and 14. 


Where appropriate, we use the special products that we have learned. 


. EXAMPLES Multiply. 


AL. (x2y + 2x)(xy? + y2) = x3y3 + x2y3 + 2x2y2 + 2xy? —- Using FOIL 


12. (p + 5q)(2p — 3q) = 2p* — 3pq + 10pq — 15q* _—_— Using FOIL 
= 2p* + 7pq — 15q” 


(A+ B)? = A%+2+A+> B + B? 


a Vv 


13. (3x + 2y)* = (3x)* + 2(3x)(2y) + (2y)? = 9x2 + l2xy + 4y? 


(A — B)? = A*-2+A+ B + B 


y 


14. (2)? = Sx*y)? = (2y?)? = 2(2y*)Gx*y) + (Sx*y)? 
= 4y* — 20xy3 + 25x4y? 


(A +B) (A — B)= A*® — B? 


nn 


15. (3x2y + 2y)(3x2y — 2y) = (3x2y)? — (2y)* = 9x4y2 — 4y? 


16. (—2x3y? + 5t)(2x3y? + 5t) = (5t — 2x3y)(5t + 2x5y7) 
The sum and the difference 
of the same two terms 


= (5t)* — (2x5y?)? = 2527 — 4xSy4 
(A -—B) (A +B)= — B? 


A 
a a i ee 


17. (2x + 3 — 2y)(2x + 3 + 2y) = (2x 


Remember that FOIL will always work when you are multiplying binomi- 
als. You can use it instead of the rules for special products, but those rules will 
make your work go faster. 


Do Exercises 15-22. 
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Exercise Set 


For Extra Help 


MyMathLab 


ip BG = & 
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(a) Evaluate the polynomial when x = 3, y = —2,andz = —5. 


1. x? — y2 + xy 2. x2 + y2 — xy 


5. 8xyz 6. —3xyz? 


Lung Capacity. The polynomial equation 
C = 0.041h — 0.018A — 2.69 


can be used to estimate the lung capacity C, in liters, of a 
person of height h, in centimeters, and age A, in years. 
Use this formula for Exercises 9 and 10. 


9. Find the lung capacity of a 20-year-old person who is 
165 cm tall. 


Altitude of a Launched Object. The altitude h, in meters, of 
a launched object is given by the polynomial equation 


h = ho + vt — 4.9¢2, 


where Ng is the height, in meters, from which the launch oc- 
curs, v is the initial upward speed (or velocity), in meters per 
second (m/s), and tis the number of seconds for which the 
object is airborne. Use this formula for Exercises 11 and 12. 


11. A golf ball is thrown upward with an initial speed of 
30 m/s from the top of the Washington Monument, 
which is 160 m above the ground. How high above 
the ground will the ball be after 3 sec? 


3. x2 — 3y2 + Qxy 4. x2 — Axy + 5y? 


7. xyz? — Zz 


8. xy — xz + yz 


10. Find the lung capacity of a 50-year-old person who is 
160 cm tall. 


12. A model rocket is launched from the top of the Lands 
End Arch, near San Lucas, Baja, Mexico, 32 m above the 
ground. The upward speed is 40 m/s. How high will the 
rocket be 2 sec after the blastoff? 
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Surface Area of a Right Circular Cylinder. The surface 
area S ofa right circular cylinder is given by the polynomial 
equation 

S = 2arh + 2ar?, 


where / is the height and r is the radius of the base. Use this 
formula for Exercises 13 and 14. 


13. A 12-0z beverage can has a height of 4.7 in. anda 
radius of 1.2 in. Evaluate the polynomial when h = 4.7 
and r = 1.2 to find the area of the can. Use 3.14 for 7. 


14. A 26-0z coffee can has a height of 6.5 in. and a radius of 
2.5 in. Evaluate the polynomial when h = 6.5 and 
r = 2.5 to find the area of the can. Use 3.14 for 77. 


Surface Area of a Silo. A silo is a structure that is shaped like a right circular cylinder with a half sphere on top. The surface area 
S of a silo of height h and radius r (including the area of the base) is given by the polynomial equation S = 2arh + ar?. Note 


that h is the height of the entire silo. 


15. A container of tennis balls is 
silo-shaped, with a height 
of 73 in. and a radius of 1} in. 
Find the surface area of the 
container. Use 3.14 for 77. 


16. A 1}-oz bottle of roll-on deodorant has a height of 4 in. 
and a radius of ? in. Find the surface area of the bottle if 
the bottle is shaped like a silo. Use 3.14 for 77. 


b Identify the coefficient and the degree of each term of the polynomial. Then find the degree of the polynomial. 


17. x°y — 2xy + 3x2 — 5 


19. 17x2y3 — 3x3yz — 7 


( Cc) Collect like terms. 


21.a+b-— 2a- 3b 
23. 3x2y — Qxy? + x? 
25. 6au + 3av + 14au + 7av 


27. 2u7v — 3uv” + 6u2v — 2uv2 
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18. 5x2y2 — y2 + 15xy + 1 


20. 6 — xy + 8x2y? — y® 


22. xy* -1l+y-—6-— xy? 


24. m3 + 2m2n — 3m2 + 3mn? 


26. 3x2y — 2z*y + 3xy2 + 5z2y 


28. 3x* + 6xy + 3y? — 5x” — 10xy — 5y? 
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(d) aaa. 


29. (2x2 — xy + y*) + (—x? -— 3xy + 2y?) 30. (2zt — z* + 5t?) + (z? — 3zt + t?) 


31. (r— 2s + 3) + (2r +s) + (s + 4) 32. (ab — 2a + 3b) + (5a — 4b) + (3a 


7ab — 8b) 


33. (b8a? — 2b2a> + 3ba + 4) + (b2a? — 4b3a2 + 2ba — 1) 34, (2x2 — 3xy + y*) + (—4x2 — 6xy — y?) 
+ (x? + xy — y*) 


e Subtract. 
35. (a® + b®) — (a*b — ab* + b? + a?) 36. (x3 — y3) — (—2x3 + x2y — xy? + 2y3) 
37. (xy — ab — 8) — (xy — 3ab - 6) 38. (3y4x? + 2y3x — 3y — 7) 


— (2y4x2 + 2y3x — 4y — 2x + 5) 


39. (—2a + 7b — c) — (—3b + 4c — 8d) 


40. Subtract 5a + 2b from the sum of 2a + band 3a — b. 


[mt | 


Multiply. 
41. (3z — u)(2z + 3u) 42. (a — b)(a? + b? + 2ab) 43. (a*b — 2)(a*b — 5) 
44, (xy + 7)(xy — 4) 45. (a? + bc)(a® — bc) 46. (m2 + n* — mn)(m? + mn + n?) 
47. (y4x + y2 + 1)(y* + 1) 48. (a — b)(a® + ab + b?) 49. (3xy — 1)(4xy + 2) 
50. (men + 8)(mPn — 6) 51. (3 — c#d?)(4 + cd?) 52. (6x — 2y)(5x — 3y) 
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53. 


57. 


61. 


65. 


69. 


73. 


77. 


79. 


81. 


83. 


(m2 — n?)(m + n) 


(x + hy? 


(r3¢2 = 4)? 


3a(a — 2b)? 


(a + b)(a — b) 


(c2 — d)(c2 + d) 


54. 


58. 


62. 


66. 


70. 


74. 


(x+y— 3)\(x+y+ 3) 


(x? — 4y + 2)(3x* + 5y — 3) 
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( pq + 0.2)(0.4pq — 0.1) 


(y — a) 


(3a2b — b?)? 


—3x(x + By)? 


(x—y)(x + y) 


(p>? — 5q)(p? + 5q) 


Polynomials: Operations 


55. 


59. 


63. 


67. 


71. 


75. 


78. 


80. 


82. 


84. 


(re ey ay Say) 


(3a + 2b) 


(p4 + mn?) 


(m+n-— 3) 


(2a — b)(2a + b) 


(ab + cd?)(ab — cd?) 


(3x + 2 — 5y)(3x + 2 + 5y) 


56. 


68. 


72s 


(x — y*)(2y? + x) 


. (2ab — cd)? 


(203 — 153)2 


(a? + b+ 2)* 


(w + 3z)(w — 3z) 


- (xy + pq) (xy — pq) 
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Skill Maintenance 


In which quadrant is each point located? [9.1la] 


85. (2, —5) 86. (—8, —9) 87. (16, 23) 88. (—3, 2) 
Graph. [9.2b] 

89. 2x = —10 90. y= -4 91. 8y- 16=0 92.x =4 
Synthesis 


Find a polynomial for each shaded area. (Leave results in terms of 7 where appropriate.) 
95. 


93. 94. 


a——__> 


y 
. Hint: These are semicircles. 
tm 
Find a formula for the surface area of each solid object. Leave results in terms of 77. 
97. 
aw IE 
i 
99. Observatory Paint Costs. The observatory at Danville 100. Interest Compounded Annually. An amount of 
University is shaped like a silo that is 40 ft high and money P that is invested at the yearly interest rate r 
30 ft wide (see Exercise 15). The Heavenly Bodies grows to the amount 
Astronomy Club is to paint the exterior of the P(1 + rj 


observatory using paint that covers 250 ft? per gallon. 


How many gallons should they purchase? after t years. Find a polynomial that can be used to 


determine the amount to which P will grow after 2 yr. 


101. Suppose that $10,400 is invested at 3.5%, compounded 102. Multiply: (x + a)(x — b)(x — a)(x + b). 
annually. How much is in the account at the end of 
5 yr? (See Exercise 100.) 
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SKILL TO REVIEW 
Objective 2.le: Simplify fraction 
notation. 


Simplify. 


Divide. 
20x3 D, —28x14 
” 5x 4x3 
=o x? 
2p?q® 4s; 
Answers 
Skill to Review: 
1.5 2. -6 


Margin Exercises: 


1 
1. 4x2 2. -7x!1— 3, —28p3q 4. rom 


In this section, we consider division of polynomials. You will see that such 
division is similar to what is done in arithmetic. 


(a) Dividing by a Monomial 


We first consider division by a monomial. When dividing a monomial by a 
monomial, we use the quotient rule of Section 10.1 to subtract exponents 
when the bases are the same. We also divide the coefficients. 


|) EXAMPLES Divide 22 2 2 Caution! -------------- 
10x? 2. a a The coefficients are divided but 
2x 2 x the exponents are subtracted. 
9 9 Ooh ee eG 7 
se ye ee 
an° 3g? BS 3 
lex? aig at ins : 
3. a3 °°~«<S : 3 6x = —6x 
4 42a*b® 42, a? 


. = »— +. = —14q@2-1p5-2 = —]4ab3 
~3ab2 -3 a be ) 


Do Margin Exercises 1-4. J 


To divide a polynomial by a monomial, we note that since 


A,B_A+B 


—4+—= ; 
Cc’ OC Cc 
it follows that 
A+B A.B 
C = C + Cc Switching the left and right sides of the equation 


This is actually the procedure we use when performing divisions like 86 + 2. 
Although we might write 
86 _ 


43, 
2 


we could also calculate as follows: 


86 80+6 80. 6 
= =—+-=40+3= 43. 
2 2 2° 3 


Similarly, to divide a polynomial by a monomial, we divide each term by the 
monomial. 


| EXAMPLE 5 Divide: (9x8 + 12x6) + (3x2). 


We have 
oe 128 
(9x8 + 12x8) + (3x2) = 2% + 1% 
3x 
7 9x8 12x® To see this, add and get the 
~ 9x2 3x2" original expression. 
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We now perform the separate divisions: 


Ox". 128 


9 x8 12 x6 


3x2 ° 3x2 


= 3x8-2 + 46-2 


3 x2 3. x2 


= 3x6 + 4x4, 


Caution! 


The coefficients are divided, but 
the exponents are subtracted. 


To check, we multiply the quotient, 3x° + 4x4, by the divisor, 3x: 


a 
3x*(30° + 4x4) = (3x7)(3x°) + (3x*)(4x04) = 9x8 + 12x86, 


This is the polynomial that was being divided, so our answer is 3x® + 4x4. 


EXAMPLE 6 _ Divide and check: 


| Do Exercises 5-7. 


(10a°b* — 2a3b* + 6a*b) + (2a*b). 


10a°b* — 2a3b2 + 6a2b = 10a°b* = 2a3b* ~— Gab 
2a*b 2a*b 2a*b = 2a*b 

10 s-2p4-1 _ 2, 3-2,0-1 , 6 

= — set + pay 

5 a°-“b 54 b 5) 


= 5a°b? — ab +3 


AG ae 
Check: 2a*b(5a3b3 — ab + 3) = 2a7b- 5a3b3 — 2a*b- ab + 2a7b-3 
= 10a5b* — 2a3b? + 6a7b 


Our answer, 5a2b3 — ab + 3, checks. 


To divide a polynomial by a monomial, divide each term of the 
polynomial by the monomial. 


‘b) Dividing by a Binomial 


Do Exercises 8 and 9. 


Let's first consider long division as it is performed in arithmetic. When we di- 
vide, we repeat the procedure at right. 


We review this by considering the division 3711 ~ 8. 


4 <——_( Divide: 37 + 8 © 4. 


Pea ae 


3.2 <———-@® Multiply: 4 x 8 = 32. 


5 il 


@) Subtract: 37 — 32 = 5. 


‘____@ Bring down the 1. 


463 
8)3711 
32 

51 
48 

31 

24 

a) 
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Divide. Check the result. 
5. (28x" + 32x°) + (4x3) 


6. (2x3 + 6x? + 4x) + (2x) 


7. (6x? + 3x — 2) +3 


Divide and check. 
8. (8x2 — 3x + 1) +2 


a Deo) oe ye ey 
: rae 


To carry out long division: 
1. Divide, 

. Multiply, 

. Subtract, and 


. Bring down the next term. 


ne) 


Answers 


5. 7x4 + 8x2 6. x2 + 38x42 
3 1 
8. 4x2 —-—x4+— 
2 2 


2 
7. 2x2 +x-— = 
3 


9. 2x2y4 — 3xy2 + 5y 
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10. Divide and check: 


(x2 + x — 6) +(x + 3). 


Answer 
10.x-2 
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Next, we repeat the process two more times. We obtain the complete division 
as shown on the right above. The quotient is 463. The remainder is 7, ex- 
pressed as R = 7. We write the answer as 


rd 
463R7 or 463 + i = ri 


We check by multiplying the quotient, 463, by the divisor, 8, and adding the 
remainder, 7: 


8-463 + 7 = 3704 + 7 = 3711. 


Now let’s look at long division with polynomials. We use this procedure 
when the divisor is not a monomial. We write polynomials in descending 
order and then write in missing terms. 


EXAMPLE 7 Divide x? + 5x + 6byx + 2. 


x <—____—_ Divide the first term by the first term: x?*/x = x. 
x+2)x2 4+ 5x +6 Ignore the term 2. 
N_A2 + ax <——_ Multiply x above by the divisor, x + 2. 
3x <—— Subtract: (x? + 5x) — (x? + 2x) = x? + 5x — x? - 2x 
=x 


We now “bring down” the next term of the dividend—in this case, 6. 


+ 3 <—— Divide the first term by the first term: 3x/x = 3. 
x+2)x2 4+ 5x46 


—— 2x 
3x + 6 <— The 6 has been “brought down.” 


3x + 6 <— Multiply 3 by the divisor, x + 2. 
0 <— Subtract: (3x + 6) — (3x + 6) =3x+6-—3x-6=0. 


The quotient is x + 3. The remainder is 0, expressed as R = 0. A remainder of 
0 is generally not included in an answer. 

To check, we multiply the quotient by the divisor and add the remainder, 
if any, to see if we get the dividend: 


Divisor Quotient Remainder Dividend 
i ieee lama) ce dicen | 
(x + 2)-(x+3)+ 0 = x*+5x+6.  Thedivision checks. 


Do Exercise 10. 


) EXAMPLE 8 Divide and check: (x? + 2x — 12) + (x — 3). 


x <—____—\— Divide the first term by the first term: x?/x = x. 
x — 3)x2 + 2x — 12 
N12 — 3x <——— Multiply x above by the divisor, x — 3. 
5x <——— Subtract: (x? + 2x) — (x? — 3x) = x? + 2x — x? + 3x 
= 5%, 


We now “bring down” the next term of the dividend—in this case, — 12. 


x + 5<— Divide the first term by the first term: 5x/x = 5. 


¢=3)x2 + Be — 12 


hig 3X 
5x — 12 <— Bring down the —12. 


5x — 15 <— Multiply 5 above by the divisor, x — 3. 
3 <— Subtract: 
(oi 12) (be = Ibe be = 12. = Se 16 
aes 
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The answer is x + 5 with R = 3, or 


3 —~+ Remainder 


Quotient x+5+ roe 
A ay - 
+ Divisor 
(This is the way answers will be given at the back of the book.) 


Check: We can check by multiplying the divisor by the quotient and adding 
the remainder, as follows: 


(x -—3)(x+5)+3=x24+ 2x-154+3 
= x2 + 2x - 12. : 


When dividing, an answer may “come out even” (that is, have a remainder 
of 0, as in Example 7), or it may not (as in Example 8). If a remainder is not 0, 


we continue dividing until the degree of the remainder is less than the Divide and check. 
degree of the divisor. Check this in each of Examples 7 and 8. 11. x — 2)x2 + 2x - 8 


| Do Exercises 11 and 12. 12. x + 3)x2 + 7x + 10 


) EXAMPLE 9 Divide and check: (x? + 1) + (x + 1). 
2 


KES eed 
x + 1)x3 + Ox? + Ox + 1 < Fillin the missing terms. (See Section 4.3.) 
x34 x%< Subtract: x3 — (x3 + x?) = —x?, 
— x2+ 0x 
x2- x< Subtract: —x? — (—x* — x) = x. 
oF 
x+1 Subtract: (x + 1) — (x + 1) =0. 
5 
The answer is x* — x + 1. The check is left to the student. j 


) EXAMPLE 10 Divide and check: (9x4 — 7x? — 4x + 13) + (3x - 1). 


3x — 1)9x4 + 0x3 — 7x2 — 4x + 13 < Fill in the missing term. 
g 


9x4 ant Subtract: 9x4 — (9x4 — 3x3) = 3x3, 
3x3 "— 7x? 
3x3 — x? Subtract: 
hye = Ay (3x3 — 7x2) — (3x3 — x?) = —6x?. 
6x2 + 2x< Subtract: 
=—6y 413 (6x? = 49) = Géx? + 2x) = 6x, 
—6x+ 2 Subtract: 
ae | 6x + 13) — (-6x+ 2) =11. 
The answer is 3x3 + x? — 2x — 2withR = 11, or Binideandichect 
11 13. (x3 — 1) + (x — 1) 
3x3 + x2 — 2x - 24 
34> 1 


14, (8x4 + 10x? + 2x + 9) + (4x 


Check: (3x — 1)(3x3 + x? - 2x - 2) +11 
= 9x4 + 3x3 — 6x? — 6x — 3x3 — x2 4+.2x4+24+11 
= 9x4 — 7x2 — 4x + 13 I Apeice 
ll. x+ 4 12. x + 4withR = —2, or 


| Do Exercises 13 and 14. Perr = 18 2a 


+3 
14. 2x3 — x2 + 3x — 1 withR = 11, or 
11 
2x3 — x24 3x -—14 
4x +2 
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For Extra Help 


MyMathLab 


vai, TA G 


PRACTICE WATCH DOWNLOAD 


READ REVIEW 


y) 3 
q fon” 
5x2 
16x7 —54xll _ 10 
4. 6x 5. 54x 6. 75a 
—2x2 —3x8 3a2 
4 64a°b* ; —34p10gll P 24x4 — 4x3 + x2 — 16 
. 16a2b3 ° —17pq? 2 8 
a a _ 9,2 _ 1,5 5 _ 7y4 4 2 
10. 12a 3a a-6 11. u— 2u u 12. 50x 7x x 
6 u x 
13. (1543 + 242 — 6t) + (32) 14, (2543 + 15t2 — 30f) + (52) 15. (20x — 20x4 — 5x2) + (—5x?) 
16. (24x® + 32x°5 — 8x*) + (—-8x?) 17. (24x5 — 40x4* + 6x3) + (4x3) 18. (18x® — 27x° — 3x3) + (9x3) 
2 a 2_ oh cae 24 
19. 18x BH. 20. 15x 30x + 6 21. 12x 26x 8x 
2 3 2x 
4 _ 34 2 252 4 26 2 Ax4y — 8x®y2 + 12x8y6 
20. 2x - 5x 23. Ors 3r°s — 6rs oA. y y y 
x 3rs Ax4y 
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25. 


28. 


31. 


34. 


37. 


40. 


43. 


45. 


Divide. 
(x? + 4x + 4) = (x + 2) 
(x2 + 8x — 16) + (x + 4) 
x2-—9 
x+3 
x4 - 81 
y= 3 
(x® — 13x3 + 42) + (x3 — 7) 
(y? + 3y? — 5y — 15) + (y + 3) 
(15x3 + 8x2 + llx + 12) + (5x 
(12y3 + 42y? — 10y — 41) + (2y 


26. 


29. 


32. 


35. 


38. 


41. 


(x? — 6x + 9) + (x — 3) 27. (x* — 10x — 25) + (x 
(x2 + 4x — 14) + (x + 6) 30. (x2 + 5x — 9) + (x — 2) 
x? — 25 ie x4] 
x5 xt+1 
8x3 — 22x? — 5x + 12 ae 2x3 — 9x2 + llx — 3 
4x + 3 2x — 3 
(x6 + 5x3 — 24) + (x3 - 3) 39. (8 — 127+ t-1)+(t 
(y3 — y? — 5y — 3) + (y + 2) 42. (¢2 — t2+t-1) + (t4 
44, (20x4 — 2x3 + 5x + 3) + (2x — 3) 
46. (15y? — 27y? — 35y + 60) + (Sy — 9) 
10.8 Division of Polynomials 
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Skill Maintenance 


In each of Exercises 47-54, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


47. The ___ rule asserts that when multiplying with expo- x=a 
nential notation, if the bases are the same, we keep the base and add ay 
y 
the exponents. [10.1d] 
slope 


y-intercept 
48. A(n) is an expression of the type ax”, where ais a 


real-number constant and n is a nonnegative integer. [10.3a, i] OEpests 
absolute value 
equivalent 
49. The principle asserts that when we multiply or . 
divide by the same nonzero number on each side of an equation, es 
we get equations. [8.2a] quotient 
product 
50. Vertical lines are graphs of equations of the type F menor 
[9.2b] binomial 
trinomial 
51. A(n) ________ is a polynomial with three terms, such as addition 
5x4 — 7x? + 4. [10.3i] multiplication 
52. The —___ rule asserts that when dividing with expo- 
nential notation, if the bases are the same, we keep the base and 
subtract the exponent of the denominator from the exponent of 
the numerator. [10.1e] 
53. The of a number is its distance from zero on the 
number line. [7.2e] 
54. The of the line y = mx + bism. [9.4a] 
Synthesis 
Divide. 
55. (x4 + 9x2 + 20) + (x2 + 4) 56. (y4 + a*) + (y+ a) 
57. (5a> + 8a” — 23a — 1) + (5a* — 7a — 2) 58. (15y? — 30y + 7 — 19y”) + (3y* — 2 — 5y) 
59. (6x° — 13x3 + 5x + 3 — 4x2 + 3x4) + (3x3 — 2x - 1) 60. (5x? — 3x4 + 2x? — 10x + 2) + (x? — x + 1) 
61. (a® — b®) + (a — b) 62. (x° + y°) + (x + y) 


If the remainder is 0 when one polynomial is divided by another, the divisor is a factor of the dividend. Find the value(s) of c for 
which x — 1 is a factor of the polynomial. 


63. x2 + 4x+.c 64. 2x2 + 3cx — 8 65. c2x2 — 2cx + 1 
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10 Summary and Review 


é 
Key Terms and Properties 
exponent, p. 734 binomial, p. 763 descending/ascending order, p. 761 
base, p. 734 trinomial, p. 763 degree of a term/polynomial, 
scientific notation, p. 746 like terms, p. 759 pp. 761, 762 
polynomial, p. 756 coefficients, p. 759 opposite of a polynomial, p. 770 
monomial, pp. 756, 763 collecting like terms, p. 760 polynomial in several variables, p. 797 


Definitions and Rules for Exponents: See p. 750 


FOIL: (A + B)(C + D) = AC+ AD + BC + BD 
Square of a Sum: (A + B)(A + B) = (A + B)* = A* + 2AB + B? 
Square of a Difference: (A — B)(A — B) = (A — B)* = A? — 2AB + BA 
Product of a Sum and a Difference: | (A + B)(A — B) = A* — B? 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. All trinomials are polynomials. [10.3i] 
2. (x+y)? =x? + y? [10.6c| 


3. The square of the difference of two expressions is the difference of the squares of the 
two expressions. [10.6c] 


4. The product of the sum and the difference of two expressions is the difference of the 
squares of the expressions. [10.6b] 


Important Concepts 


Objective 10.1d Use the product rule to multiply exponential expressions with like bases. 


Example Multiply and simplify: x3 - x‘. Practice Exercise 


x3. x4 = 73t4 = x7 1. Multiply and simplify: z° - z°. 


Objective 10.1le Use the quotient rule to divide exponential expressions with like bases. 


ae ag, Practice Exercise 
Example Divide and simplify: —,. 
o 2. Divide and simplify: ae 

x6y5 7 x6 y> a p . ie 

xys xy 
= x6-ly5-3 
= x5y2 

\ A 
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Objective 10.1f | Express an exponential expression involving negative exponents with positive exponents. 


Objective 10.2a Use the power rule to raise powers to powers. 
Objective 10.2b Raise a product to a power and a quotient to a power. 


es 2a3p-2\5 Practice Exercise 

Example Simplify: ( ec ) xyes 
2a3b-2\5_ (2a*b~)° ee ( 323 ) 

4 (c4)> 
25(a3)°(b~?)° 

(e*)> 
32q35p-2'5 

ch5 


32a 15,10 
20 


Cc 


c 


. Bas 
~ pl0¢20 


Objective 10.2c Convert between scientific notation and decimal notation. 


Practice Exercises 


Example Convert 0.00095 to scientific notation. 
4. Convert to scientific notation: 763,000. 


0.0009.5 


| + 4 places 


The number is small, so the exponent is negative. (If the 
number were large, the exponent would be positive.) 


0.00095 = 9.5 x 1074 


Example Convert 3.409 x 10° to decimal notation. 5. Convert to decimal notation: 3 x 1074. 


3.409000. 
6 places 


The exponent is positive, so the number is large. (If the expo- 
nent were negative, the number would be small.) 


3.409 X 106 = 3,409,000 


Objective 10.2d Multiply and divide using scientific notation. 


Example Multiply and express the result in scientific Practice Exercise 
notation: (5.3 x 10°) “(2.4 x 10°). 6. Divide and express the result in scientific notation: 
(5.3 X 109) - (2.4 X 107) = (5.3 - 2.4) x (109 - 107) 3.6 X 103 
= 12.72 x 104 60x 102 


The answer at this stage is not in scientific notation, because 
12.72 is not a number between 1 and 10. We convert 12.72 


to scientific notation and simplify: 

12.72 * 10* = (1.272 * Io) x 10* 
1.272 x (10 x 104) 
= 1.272 x 10°. 


ll 
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Objective 10.3e Collect the like terms of a polynomial. 


Example Collect like terms: 4x3 — 2x? + 5 + 3x? -— 12. Practice Exercise 
Ae Oe? ae eae = Ie 7. Collect like terms: 5x4 — 6x? — 3x4 + 2x? — 3. 
=e? (2+ 3)a* + (5 — 12) 
Saye ee = 7 
Objective 10.4a Add polynomials. 
Example Add: (4x3 + x? — 8) + (2x3 -— 5x + 1). Practice Exercise 
(4x3 + x2 — 8) + (2x3 — 5x + 1) 8. Add: (3x4 — 5x2 — 4) + (x3 + 3x? + 6). 
= (4 + 2)x3 + x2 — 5x + (-8 4 1) 
= 6x3 + x2 - 5x-7 
Objective 10.5d Multiply any two polynomials. 
Example Multiply: (z? — 2z + 3)(z — 1). Practice Exercise 
We use columns. First, we multiply the top row by —1 9. Multiply: (x* — 3x2 + 2)(x? — 3). 
and then by z, placing like terms of the product in the same 
column. Finally, we collect like terms. 
z*—2z4+3 
z-1 
—z% + 2z-3 
z3 — 2z7 + 3z 
2 — 324+ 52-3 
Objective 10.6a Multiply two binomials mentally using the FOIL method. 
Example Multiply: (3x + 5)(x — 1). Practice Exercise 
F O I L 10. Multiply: (y + 4)(2y + 3). 
(3x + 5)(x — 1) = 3x-x + 3x-(-1)+5-x+4+5-(-1) 
= 3x? —- 3x +5x-5 
= 3x7 + 2x-5 
Objective 10.6b Multiply the sum and the difference of two terms mentally. 
Example Multiply: (3y + 2)(3y — 2). Practice Exercise 
(3y + 2)(3y — 2) = (3y)? — 22 11. Multiply: (x + 5)(x — 5). 
= 9y*-4 
Objective 10.6c Square a binomial mentally. 
Example Multiply: (2x — 3)?. Practice Exercise 
(2x — 3)* = (2x)* — 2-2x-3 + 32 12. Multiply: (3w + 4)?. 
= 4x? - 12x +9 
x 
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Objective 10.7e Subtract polynomials. 


Example Subtract: 
(m'n + 2m3n? — m2n3) — (3m4n + 2m3n2 — 4m2n?). 
(mn + 2m3n? — m2n3) — (3m4n + 2m3n? — 4m?n?) 


= m'n + 2m3n2 — m2n3 — 3m4n — 2m3n2 + 4m2n2 


= —2m‘n — m2n3 + 4m2n2 


Objective 10.8a Divide a polynomial by a monomial. 


Example Divide: (6x? — 8x? + 15x) + (3x). 
6x? = Ox" + 15x Ge? Bx* , Ise 


3x 3x aX 3x 
= 6 3-1 x2-1 4 BS i 
3 3 
8 
= 2x2 ——x+5 
3 


Practice Exercise 
13. Subtract: 
(a°b* — 5a2b + 2ab) — (3a°b* — ab* + 4ab). 


Practice Exercise 
14. Divide: (5y? — 20y + 8) + 5. 


Objective 10.8b Divide a polynomial by a divisor that is a binomial. 


Example Divide x? — 3x + 7byx + 1. 
x-4 
x+1)x2—-3x4+7 

x2 + x 

—-4x+7 

—4x-—4 

11 
11 

oan 


The answer is x — 4 + 


Review Exercises 


Multiply and simplify. [10.1d, f] 
1. 72.774 2 yl-yry 


3. (3x)> - (3x)9 4, t8- 19 


Divide and simplify. [10.1e, f] 


49 a (7x)* 
5. > 6. — 7 
42 ab (7x)4 
Simplify. 


8. (3t4)* [10.2a, b] 9. (2x3)*(-3x)* 


[10.1d], [10.2a, b] 


Practice Exercise 
15. Divide: (x? — 4x + 3) + (x + 5). 


=3 
10. (2) [10.2b] 
y 


1 
11. Express using a negative exponent: ot [10.1f] 


12. Express using a positive exponent: y~*. [10.1f] 


13. Convert to scientific notation: 0.0000328. [10.2c] 


14. Convert to decimal notation: 8.3 x 106 [10.2c] 


Multiply or divide and write scientific notation for the 
result. [10.2d] 


1.28 x 1078 


15. (3.8 X 10*)(5.5 x 107! 16. 
( ) 2.5 x 10-4 
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17. Pizza Consumption. Each man, woman, and child in 
the United States eats an average of 46 slices of pizza 
per year. The U.S. population is projected to be about 
335.8 million in 2020. At this rate, how many slices of 
pizza would be consumed in 2020? Express the answer 
in scientific notation. [10.2e] 

Sources: Packaged Facts; U.S. Census Bureau 


18. Evaluate the polynomial x* — 3x + 6 whenx = —1. 
[10.3a] 


19. Identify the terms of the polynomial 
4y° + 7y* — 3y — 2. [10.3b] 


20. Identify the missing terms in x? + x. [10.3h] 


21. Identify the degree of each term and the degree of the 
polynomial 4x3 + 6x? — 5x +3. [10.3g] 


Classify the polynomial as a monomial, a binomial, a trino- 
mial, or none of these. [10.3i] 

22.457 = 1 

23.4 = 977 = 7e* + 10%" 

24. 7y? 

Collect like terms and then arrange in descending order. 


[10.3f] 
25. 3x2 


Add. [10.4a] 
27. (3x4 — x3 + x — 4) + (x9 + 7x3 — 3x2 — 5) 4 
(—5x4 + 6x? — x) 


28. (3x5 — 4x4 + x3 — 3) + (3x4 — 5x3 + 3x?) 4 
(—5x° — 5x2) + (—5x4 + 2x3 + 5) 


Subtract. [10.4c] 
29. (5x* — 4x + 1) — (3x + 1) 


30. (3x° — 4x4 + 3x? + 3) — (2x5 — 4x4 + 3x3 + 4x2 -— 5) 
31. Find a polynomial for the perimeter and for the area. 
[10.4d], [10.5b] 


32. Find two algebraic expressions for the area of this 
figure. First, regard the figure as one large rectangle, 
and then regard the figure as a sum of four smaller 

[10.4d] 


rectangles. 


Multiply. 


33. (x+3)(x+3) [06a] 34. (7x +1)? [10.6c] 


35. (4x2 — 5x +1)(3x- 2) 36, (3x2 + 4)(3x2 — 4) 


[10.5d] [10.6b] 
37. 5x4(3x3 — 8x2 + 10x + 2) [10.5b] 
38. (x + 4)(x — 7) [10.6a] 
39. (3y” — 2y)* [10.6c] 40. (2t? + 3)(t? — 7) 
[10.6a] 
41. Evaluate the polynomial 
2 — 5xy + y* — 4xy3 + x6 
when x = —landy= 2. [10.7a] 


42. Identify the coefficient and the degree of each term of 
the polynomial 
x°y — Txy + 9x? — 8. 


Then find the degree of the polynomial. [10.7b] 
Collect like terms. [10.7c] 
43.y+ w- 2y+ 8w-5 
44, m®° — 2m?¢n + m2n? + n2m — 6m3 + m?2n? + 7n?2m 
45. Add: [10.7d] 


(5x — 7xy + y*) + (-6x?2 
(x? + xy — 2y?). 


46. Subtract: 
(6x3y? 


[10.7e] 
4x?y — 6x) 


>» 
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4 
Multiply. [10.7f] Synthesis 
= 2 2 4 _ 1,3)2 
47. (p— q)(p° + pq t+ 9°) 48. (3a 3b ) Find a polynomial for each shaded area. [10.4d], [10.6b] 
54, 55. 
Divide. 


49. (10x? — x* + 6x) + (2x) [10.8a] 


50. (6x3 — 5x* — 13x + 13) + (2x + 3) [10.8b] < x+y — 


51. The graph of the polynomial equation y = 10x? — 10x 
is shown below. Use only the graph to estimate the 56. Collect like terms: [10.1d], [10.2al, [10.3e] 
value of the polynomial when x = —1, x = —0.5, 945. 4y3 — x6(2x)2 (3x4)? (2x2)4 40x2(x3)2 
x=0.5,andx=1. [10.3a] ; : : 


57. Solve: [8.3b], [10.6a] 
(x — 7)(x + 10) = (x — 4)(x — 6). 


VA 


5: 


y= 10x" ~ 10x 58. The product of two polynomials is x° — 1. One of the 
polynomials is x — 1. Find the other. [10.8b] 


-5-4-3-2 ce4a5 54 59. Arectangular garden is twice as long as it is wide and is 
surrounded by a sidewalk that is 4 ft wide (see the figure 
3 below). The area of the sidewalk is 1024 ft”. Find the 

4 dimensions of the garden. [8.3b], [10.4d], [10.5a], [10.6a] 


52. Subtract: (2x2 — 3x + 4) — (x* + 2x). [10.4c] 
A. x2 — 3x - 2 B. x2 - 5x +4 
C.x27-x+4 D. 3x2 -x+4 


53. Multiply: (x — 1)*.  [10.6c] 
A. x2-—1 B. x2 4+1 
C. x2 —2x-1 D. x2 -— 2x +1 


Understanding Through Discussion and Writing 


1. Explain why the expression 578.6 < 107? is not in 4. On an assignment, Emma incorrectly writes 
scientific notation. [10.2c] 12x3 — 6x 
4x? — 6x. 
2. Explain why an understanding of the rules for order 3x 
of operations is essential when evaluating polynomials. What mistake do you think she is making and how 
[10.3a] might you convince her that a mistake has been 


de? [10.8 
3. How can the following figure be used to show that pe ee 


(x + 3)? # x24 92 [10.5c] 


5. Can the sum of two trinomials in several variables be a 
trinomial in one variable? Why or why not? [10.7d] 


6. Is it possible for a polynomial in four variables to have 
a degree less than 4? Why or why not? = [10.7b] 
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CHAPTER 


For Extra Help 
Test 4 S Te st Pr Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
oO) FESTETEP on DVD, in Mymathtab\)_, and on You{{yy (search “BittingerDevMath” and click on “Channels"), 
Multiply and simplify. 
Gt G0. PA eas 3. (4a)3 - (4a)8 
Divide and simplify. 
3° ie oe 
= — 6. 
32 axe (2x)° 
Simplify. 
ab\3 
th (GABE 8. (—3y2)3 9. (2a%b)* 10. = 
11. (3x2)3(-2x5)3 12) ae (Se)? 32x (—30-)- 14, (2x)*(—3x2)4 
: ae = : ; 1 
15. Express using a positive exponent: 5~3. 16. Express using a negative exponent: mae 
y 
17. Convert to scientific notation: 3,900,000,000. 18. Convert to decimal notation: 5 x 1078. 


Multiply or divide and write scientific notation for the answer. 


5.6 x 10° 
——=———S 20. (2.4 X 105)(5.4 x 1016 
a2. ort ( M ) 
21. CD-ROM Memory. ACD-ROM can contain about 22. Evaluate the polynomial x° + 5x — 1 when x = —2. 


600 million pieces of information (bytes). How many 
sound files, each containing 40,000 bytes, can a CD-ROM 


hold? Express the 


23. Identify the coeffi 
gx°— x +7. 


25. Classify the polyn 


Collect like terms. 


26. 4a2 — 6 + a? 


28. Collect like terms 


answer in scientific notation. 


cient of each term of the polynomial 24. Identify the degree of each term and the degree of the 
polynomial 2x? — 4 + 5x + 3x6, 


omial 7 — x as amonomial, a binomial, a trinomial, or none of these. 


3 
Ve OV aay 


and then arrange in descending order: 


B= xe 4 


Add. 


2h? 5x- — 6x1 — 20 >) 


2 1 
29. (3x° + 5x3 — 5x2 — 3) 4 30. (x! + =x 4 5) (4x4 + 5x? 4 tx) 


(x° + x4 — 3x3 


3x? + 2x — 4) 


Test: Chapter 10 819 


Subtract. 
31. (2x4 + x3 — 8x? — 6x — 3) — (6x4 — 8x2 + 2x) 


Multiply. 


33. —3x7(4x2 — 3x — 5) 


36. (3b + 5)(b — 3) 


39. (2x + 1)(3x2 — 5x — 3) 


41. Collect like terms: 
x3y — y3 + xy + 8 — 6x3y — x2y2 + 11. 


43. Multiply: (3x° — 4y5)(3x° + 4y®). 


Divide. 
44, (12x* + 9x3 — 15x?) + (3x?) 


46. The graph of the polynomial equation y = x? — 5x — 1 
is shown at right. Use only the graph to estimate the 
value of the polynomial when x = —1, x = —0.5, 
ce = 05), 36 = Ib, ainalye = IIL, 


47. Find two algebraic expressions for the area of this figure. 


First, regard the figure as one large rectangle, and then 
regard the figure as a sum of four smaller rectangles. 


Synthesis 


49. The height of a box is 1 less than its length, and the 
length is 2 more than its width. Find the volume in 
terms of the length. 
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ais (Gio I) (Ge = 110) 


38. (8 — y)(6 + 5y) 


42. Subtract: 
(8a2b2 — ab + b?) — (—6ab* — 7ab — ab? + 5b). 


48. Find a polynomial for the surface area of this right 


rectangular solid. 
5 
@ 9 
A. 28a B. 28a + 90 
C. 14a + 45 D. 45a 


50. Solve: (x — 5)(x + 5) = (x + 6)2. 
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Polynomials: 


Factoring 


11.1.‘ Introduction to Factoring 

11.2 Factoring Trinomials of the Type 
xe + bx +e 

11.3 Factoring ax? + bx + ¢,a #1: 
The FOIL Method 

11.4 Factoring ax? + bx +c,a#l: o 
The ac-Method 

MID-CHAPTER REVIEW 

11.5 Factoring Trinomial Squares and 
Differences of Squares 

11.6 Factoring: A General Strategy 

11.7 Solving Quadratic Equations 
by Factoring 

11.8 Applications of 
Quadratic Equations 


TRANSLATING FOR SUCCESS 
SUMMARY AND REVIEW 
TEST 


Real-World Application 


Dr. Benton wants to investigate the potential spread of germs by contact. She knows 
that the number of possible handshakes within a group of x people, assuming each 
person shakes every other person’s hand only once, is given by N = 5 (x2 = 56), Maer 
are 40 people at a meeting. How many handshakes are possible? 


This problem appears as Exercise 14 in Section 11.8. 
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We introduce factoring with a review of factoring natural numbers. Consider 
the product 15 = 3 - 5. We say that 3 and 5 are factors of 15 and that 3 - 5isa 
factorization of 15. Since 15 = 15 - 1, we also know that 15 and 1 are factors 
of 15 and that 15 - 1 is a factorization of 15. 


(a) Finding the Greatest Common Factor 


The numbers 20 and 30 have several factors in common, among them 2 and 
5. The greatest of the common factors is called the greatest common factor, 
GCE. One way to find the GCF is by making a list of factors of each number. 


List all the factors of 20: 1, 2, 4,5, 10, and 20. 
List all the factors of 30: 1, 2, 3, 5, 6, 10, 15, and 30. 


We now list the numbers common to both lists, the common factors: 


SKILL TO REVIEW 1, 2, 5, and 10. 


Objectives 1.7a, d: Find all the 
factors of numbers and find prime 
factorizations of numbers. 


The greatest common factor, the GCE is 10, the largest number in the com- 
mon list. 

The preceding procedure gives meaning to the notion of a GCE but the 
Find the prime factorization of each following method, using prime factorizations, is generally faster. 
number. 
1. 60 ! EXAMPLE 1 Find the GCE of 20 and 30. 

We find the prime factorization of each number. Then we draw lines be- 


tween the common factors. 


2. 105 


20 =2-2°5 
30 =2-3-5 
The GCF = 2-5 = 10. ) 


' EXAMPLE 2 Find the GCF of 180 and 420. 
We find the prime factorization of each number. Then we draw lines be- 
tween the common factors. 
180 = 2-2-3:3+5 = 22. 32.5! 
A290 = 2+ 2+3-5<7 = 22-3! +5). 7! 


The GCF = 2-2-3-5 = 2%- 3!-5! = 60. Note how we can use the expo- 
nents to determine the GCE There are 2 lines for the 2’s, 1 line for the 3, 1 line 
for the 5, and no line for the 7. 


EXAMPLE 3 Find the GCF of 30 and 77. 


We find the prime factorization of each number. Then we draw lines be- 
tween the common factors, if any exist. 


30 =2-3-5=2!.31-5) 


77=7-11=7!-11! 


Answers 


Skill to Review: Since there is no common prime factor, the GCF is 1. ) 
1.2:2-3:5 2.3-5-+7 


822 CHAPTER 11 Polynomials: Factoring 


EXAMPLE 4 Find the GCF of 54, 90, and 252. 


We find the prime factorization of each number. Then we draw lines be- 
tween the common factors. 


54 = 2-3-3-3= 21.33, 


| 
90 =2-3-3-5=2!1.32.51 
| 


a 


252 =2-2-3-3:-7= 22-32-71 


A 


The GCF = 2! - 32 = 18. 


Do Exercises 1-4. 


Consider the product 


12x3(x* — 6x + 2) = 12x5 — 72x4 + 24x°. 
To factor the polynomial on the right, we reverse the process of multiplication: 


12x5 — 72x4 + 24x3 = 12x3(x? — 6x + 2). 
eo 


This is a factorization. The factors are 
(12x3) and (x? — 6x + 2). 


FACTOR; FACTORIZATION 


To factor a polynomial is to express it as a product. 


A factor of a polynomial P is a polynomial that can be used to express P 
as a product. 


A factorization of a polynomial is an expression that names that poly- 
nomial as a product. 


In the factorization 
12x° — 72x4 + 24x3 = 12x3(x2 — 6x + 2), 


the monomial 12x° is called the GCF of the terms, 12x°, —72x4, and 24x3. The 
first step in factoring polynomials is to find the GCF of the terms. 
Consider the monomials 


3 


x3, x4, x® and x’. 


The GCF of these monomials is x*, found by noting that the smallest expo- 
nent of xis 3. 
Consider 


20x? and 30x°. 


The GCF of 20 and 30 is 10. The GCE of x2 and x? is x2. Then the GCF of 20x? 
and 30x? is the product of the individual GCFs, 10x2. 


= 


1.1 


Find the GCE 
1. 40, 100 


Lo ty Gall 
3. 72, 360, 432 


4. 3, 5, 22 


Answers 
120 2.7 3.72 4 
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EXAMPLE 5. Find the GCF of 15x°, —12x4, 27x3, and —3x2. 


First, we find a prime factorization of the coefficients, including a factor 
of —1 for the negative coefficients. 


15x° = 3°5-x>, 


—l2x4 = -1-2-2-3-x4, 


27x3 = 3-3-3-x3, 


—3x? = Slee 


The greatest positive common factor of the coefficients is 3. 
Next, we find the GCF of the powers of x. That GCF is x”, because 2 is the 
smallest exponent of x. Thus the GCF of the set of monomials is 3x2. 


What about the factors of —1 in Example 5? Strictly speaking, both 1 and 
—1 are factors of any number or expression. We see this as follows: 
a4? = 1 Sx? = (=1)(=32"). 
Because the coefficient —3 is less than the coefficient 3, we consider 3x”, and 


not —3x2, the GCE 


EXAMPLE 6 Find the GCF of 14p*y?, —8py?, 2py, and 4p. 
We have 


14py3 


ll 
i) 


—8py* = -1-2-2-2-p-y?, 


The greatest positive common factor of the coefficients is 2, the GCF of the 
powers of p is p, and the GCF of the powers of y is 1 since there is no y-factor 
in the last monomial. Thus the GCF is 2p. 


TO FIND THE GCF OF TWO OR MORE MONOMIALS 


1. Find the prime factorization of the coefficients, including —1 as a 
factor if any coefficient is negative. 


2. Determine any common prime factors of the coefficients. For each 
one that occurs, include it as a factor of the GCE If none occurs, 


Find the GCE use 1 as a factor. 


2 _ ae 
ie 3. Examine each of the variables as factors. If any appear as a factor 


6 3y6 _ 5y3 2y2 of all the monomials, include it as a factor, using the smallest 
: ‘ exponent of the variable. If none occurs in all the monomials, use 
7. —24m°n®, 12mn3, —16m2n2, 1 as a factor. 
8mint 4. The GCF is the product of the results of steps (2) and (3). 


8. —35x", —49x®, —14x°, —63x3 


Do Exercises 5-8. 


Answers 
5. 4x2 6. y* 7. Amn? 88. 7x3 
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7% : 
\b) Factoring When Terms Have 
a Common Factor 
The polynomials we consider most when factoring are those with more than 
one term. To multiply a monomial and a polynomial with more than one 


term, we multiply each term of the polynomial by the monomial using the 
distributive laws: 


a(b+c)=ab+ac and a(b-—c)=ab- ac. 


To factor, we do the reverse. We express a polynomial as a product using 
the distributive laws in reverse: 


ab+ac=a(b+c) and ab-ac=a(b-o). 


Compare. 
Multiply Factor 
3x(x* + 2x — 4) 3x3 + 6x2 — 12x 
= 3x-x2 + 3x-2x-—3x-4 = 8x- x" + 8x- 2x — 3x4 
= 3x3 + 6x? — 12x = 3x(x? + 2x — 4) 
Caution! 
Consider the following: 


3x3 + 6x2 — 12x =3-x-x-xt+2°3-x-x-2-2-3-x, 


The terms of the polynomial, 3x3, 6x, and —12x, have been factored but 
the polynomial itself has not been factored. This is not what we mean by a 
factorization of the polynomial. The factorization is 


3x(x?2 + 2x — 4). <— A product 9. a) Multiply: 3(x + 2). 


The expressions 3x and x2 + 2x — 4 are factors of 3x3 + 6x2 — 12x. b) Factor: 3x + 6. 
10. a) Multiply: 2x(x? + 5x + 4). 
(Do Exercises 9 and 10. b) Factor: 2x3 + 10x? + 8x. 
To factor, we first find the GCF of all terms. It may be 1. 
EXAMPLE 7 Factor: 7x? + 14. 
We have 
7x2 +14=7-x2+7-2 Factoring each term 


= 7(x* + 2), Factoring out the GCE 7 


Check: We multiply to check: 


T(x? +2) =7-x2+7-2= 7x2 + 14, p 


Answers 


9. (a) 3x + 6; (b) 3(x + 2) 
10. (a) 2x3 + 10x? + 8x; (b) 2x(x2 + 5x + 4) 
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Factor. Check by multiplying. 
11. x2 + 3x 


12. 3y® — 5y3 + 2y? 


13. 9x4y2 — 15x3y + 3x2y 


15. 35x’ — 49x® + 14x° — 63x3 


16. 84x2 — 56x + 28 


Answers 

ll. x(x +3) 12. y2(3y4 — 5y + 2) 
13. 3x2y(3x2y — 5x + 1) 

14. +(3¢3 + 5t? + 7t + 1) 


15. 7x3(5x4 — 7x3 + 2x2 — 9) 
16. 28(3x2 — 2x + 1) 


EXAMPLE 8 Factor: 16x? + 20x?. 


16x3 + 20x? = (4x*)(4x) + (4x2)(5) Factoring each term 
= 4x?(4x + 5) Factoring out the GCE 4x? 


Although it is always more efficient to begin by finding the GCE suppose 
in Example 8 that you had not recognized the GCF and removed only part of 
it, as follows: 

16x3 + 20x? = (2x*)(8x) + (2x2)(10) 
= 2x7(8x + 10). 
Note that 8x + 10 still has a common factor of 2. You need not begin again. 
Just continue factoring out common factors, as follows, until finished: 
= 247(2-4¢ + 2-5) 
= 2x*[2(4x + 5)] 
= (2x2 - 2)(4x + 5) 
= 4x*(4x + 5). 


EXAMPLE 9 Factor: 15x° — 12x4 + 27x3 — 3x2. 
15x5 — 12x4 + 27x3 — 3x? = (3x7)(5x3) — (3x7)(4x2) + (3x2)(9x) — (3x7)(1) 


= 3x*(5x3 — 4x2+9x—-— 1) Factoring out the 
GCE 3x? 


Caution! 


Dont forget the term —1. 


Check: We multiply to check: 
3x2(5x3 — 4x2 + 9x — 1) 
= (3x*)(5x3) — (3x2)(4x2) + (3x7)(9x) — (3x2)(1) 
= 15x° — 12x4 + 27x3 — 3x2. 


As you become more familiar with factoring, you will be able to spot the 
GCF without factoring each term. Then you can write just the answer. 


EXAMPLES Factor. 

10. 24x? + 12x — 36 = 12(2x* + x — 3) 

11. 8m3 — 16m = 8m(m? — 2) 

12. 14p2y? — 8py* + 2py = 2py(7py” — 4y + 1) 


4 1 2 1 
13, —x? 4 + == (4x2 +x4+2 
5% 5 5 5 (4x x ) 


Do Exercises 11-16. 
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There are two important points to keep in mind as we study this chapter. 


TIPS FOR FACTORING 


° Before doing any other kind of factoring, first try to factor out 
the GCE 


° Always check the result of factoring by multiplying. 


(c) Factoring by Grouping: Four Terms 


Certain polynomials with four terms can be factored using a method called 
factoring by grouping. 


EXAMPLE 14 Factor: x?(x + 1) + 2(x + 1). 
The binomial x + 1 isa common factor. We factor it out: 
x?(x +1) + 2(x + 1) = (x + 1)(x? + 2). 


The factorization is (x + 1)(x* + 2). } 


| Do Exercises 17 and 18. 


Consider the four-term polynomial 
x3 4+ x2 4+ 2x4 2. 


There is no factor other than 1 that is common to all the terms. We can, how- 
ever, factor x3 + x* and 2x + 2 separately: 


x3+x2=x2(x+1); Factoring x3 + x2 
2x +2 = 2(x + 1). Factoring 2x + 2 


When we group the terms as shown above and factor each polynomial sepa- 
rately, we see that (x + 1) appears in both factorizations. Thus we can factor 
out the common binomial factor as in Example 14: 


x3 + x2 4+ 2x + 2 = (x3 + x2) + (2x + 2) 
x(x + 1) + 2(x 4+ 1) 
(x + 1)(x? + 2). 


This method of factoring is called factoring by grouping. We began with a 
polynomial with four terms. After grouping and removing common factors, 
we obtained a polynomial with two parts, each having the common factor 
x + 1, which we then factored out. Not all polynomials with four terms can 
be factored by this procedure, but it does give us a method to try. 


111 


Factor. 
17. x2(x + 7) + 3(x + 7) 


18. x3(a + b) — 5(a + b) 


CHECKLIST 


The foundation of all your study 
skills is TIME! 


e Are you staying on schedule, 
getting to class on time, and 
adapting your study time to 
your schedule? 


¢ Do you study the examples in 
the text carefully? 

e Are you asking questions at 
appropriate times in class 
and with your tutors? 


Answers 
17. (x + 7)(x2 +3) 18. (a+ b)(x3 — 5) 


Introduction to Factoring 827 


_ EXAMPLES Factor by grouping. 


15. 


16. 


17. 


Factor by grouping. 
Oh a oh Gee ae sue ae 2) 


3 2 
20. 8f3 + 242 + 12+ 3 18 
21. 3m° — 15m3 + 2m? — 10 
22. 3x3 — 6x2 —x +2 


23. 4x3 — 6x2 — 6x + 9 


19. 


6x3 — 9x2 + 4x - 6 


= (6x3 — 9x”) + (4x — 6) Grouping the terms 
= 3x2(2x — 3) + 2(2x — 3) Factoring each binomial 
= (2x — 3)(3x? + 2) Factoring out the common factor 2x — 3 


We think through this process as follows: 


— 


bx = Ox? +d = 6 = 3x4(2e= 3) [(ee— 3) 


(1) Factor the first two terms. 
(2) The factor 2x — 3 gives us a hint to the factorization of the last 


two terms. 
(3) Now we ask ourselves, “What times 2x — 3 is 4x — 6?” The answer 
is'+ 2. 
Caution! 
x34 x24 x44 1 = (x3 4+ x2) + (x4 1) Don't forget the 1. 


= x*(x+1)+1(x+1) Factoring each binomial 


(x + 1)(x2 + 1) Factoring out the common 
factor x + 1 


2x3 = 6x2 = x + 3 
= (2x3 — 6x?) + (-x + 3) Grouping as two binomials 
= 2x?(x — 3) — 1(x - 3) Check: -1(x — 3) = -x + 3. 
= (x — 3)(2x? - 1) Factoring out the common factor x — 3 


We can think through this process as follows. 


(1) Factor the first two terms: 2x3 — 6x? = 2x?(x — 3). 
(2) The factor x — 3 gives us a hint for factoring the last two terms: 


2x3 — 6x? —x+ 3 = 2x?(x — 3)[ |(x - 3). 


(3) Now we ask ourselves, “What times x — 3 is —x + 32” The answer is — 1. 


. 12x5 + 20x2 — 21x3 — 35 = 4x2(3x3 + 5) — 7(3x3 + 5) 


= (3x3 + 5)(4x? — 7) 
x3 + x2 4+ 2x —-2 = x2(x + 1) + 2(x- 1) 


This polynomial is not factorable using factoring by grouping. It may be 
factorable, but not by methods that we will consider in this text. J 


24, y* — 2y3 — 2y - 10 Do Exercises 19-24. 


Answers 

19. (x + 7)(x2+ 3) 20. (4t + 1)(2t? + 3) 
21. (m? — 5)(3m3 + 2) 

22. (x — 2)(3x2-—1) 23. (2x — 3)(2x* — 3) 
24. Not factorable using factoring by grouping 
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Exercise Set 


11.1 


(a) Find the GCE 


1. x”, —6x 
4, 8x4, —24x? 
7. —17x5y3, 34x3y2, 51xy 


10. —x2, —6x, —24x° 


(b) Factor. Check by multiplying. 


13. x2 — 6x 


16. 8y2 — 8y 

19. 8x4 — 24x2 

22. 8x2 — 4x — 20 
25. 6x4 — 10x3 + 3x2 


28..x°y° = aly? + ety? & x8y° 


31. 1.6x4 — 2.4x3 + 3.2x2 4 


33. =x 


(c) Factor. 


35. x2(x + 3) + 2(x + 3) 


37. 4z2(3z — 1) + 7(3z — 1) 


11. 


20. 


23. 


26. 


29. 


For Extra Help 


MyMathLab 


Mathixy 


PRACTICE 


x2, 5x 3. 
. 2x2, 2x, -8 6. 
. 16p%q*, 32p%q3, —48pq? 9. 


xy, x4y3, x3y3, —x2y2 12. 
.x2 + 5x 15. 
x3 + 6x2 18. 

5x° + 10x3 21. 


17x°y3 + 34x3y? + 51 xy 


5x° + 10x? — 8x 


24. 


- G 


WATCH DOWNLOAD 


READ REVIEW 


3x4, x2 
8x2, —4x, —20 
—x?, —5x, —20x3 


—x%y8, —x7y%, xty4, x3y3 


2x2 + 2x - 8 


16p°q* + 32p°q? — 48pq" 


Baye 


27. x5y + x4y3 + x3y3 — x2y 
2x7 — 2x6 — 64x9 + 4x8 30. 8y? — 20y? + 12y — 16 
32. 2.5x® — 0.5x4 + 5x3 + 10x? 
2. 4 1 

34. —x7 4 re 9* 9% 

36. y*(y + 4) + 6(y + 4) 

38. 2x2(4x — 3) + 5(4x — 3) 

11.1 Introduction to Factoring 829 


39. 2x2(3x + 2) + (3x + 2) 


41. 5a3(2a — 7) — (2a — 7) 


Factor by grouping. 
43. x3 + 3x2 + 2x +6 


46. 3x3 + 2x2 + 3x + 2 


49. 12p> — 16p* + 3p — 4 


52. 7x3 — 14x2 -—x4+2 


55. 2x3 — 8x2 — 9x + 36 


Skill Maintenance 


Solve. 
57. —2x < 48 [8.7d] 


59. Divide: [7.6a] 


Multiply. [10.6d] 
61. (y + 5)(y + 7) 


62. (y + 7)? 


40. 3z2(2z + 7) + (2z + 7) 


42, m4(8 — 3m) — 3(8 — 3m) 


44, 622 + 3z% + 2z4+ 1 


47. 8x3 — 12x2 + 6x — 9 


50. 18x° — 21x2 + 30x — 35 


53. x9 + 8x2 — 3x — 24 


56. 20g3 — 4g* — 25g + 5 


45. 2x3 + 6x27 +x4+3 


48. 10x3 — 25x2 + 4x — 10 


51. 5x3 — 5x2 —x4+1 


54. 2x3 + 12x2 — 5x — 30 


58. 4x — 8x + 16 = 6(x — 2) [8.7e] 


60. Solve A = E 


Find the intercepts of each equation. Then graph the equation. [9.2] 


65.x+y=4 
Synthesis 
Factor. 


69. 4x° + 6x3 + 6x2 +9 


72. x3 — x2 -— 2x45 
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66.x-y=3 


70. x8 + x44 x%4+1 


73. p>? + p? — 3p + 10 
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+ 
2 


63. (y + 7)(y — 7) 


67. 5x — 3y = 15 


f for p. [8.4b] 


64. (y — 7)? 


68. y — 3x = 6 


71 xt tx? +2541 


Copyright © 2012 Pearson Education, Inc. 


(a) Factoring x* + bx +c 


We now begin a study of the factoring of trinomials. We first factor trinomi- 
als like 


x2+5x+6 and x*+3x—- 10 


by a refined trial-and-error process. In this section, we restrict our attention 
to trinomials of the type ax” + bx + c, where a = 1. The coefficient a is 
called the leading coefficient. 

To understand the factoring that follows, compare the following 
multiplications: 


F O if L 


, vv vy 
(x + 2)(x +5) =x2%+ 5x + 2x4+2-5 
=x?+ 7x + 10; 
(x — 2)(x — 5) = x2 — 5x — 2x + (—2)(-5) 
=x?- 7x + 10; 


(x + 3)(x — 7) =x? — 7x + 3x + 3(-7) 
=x2- 4x — 21; 


(x — 3)(x + 7) = x2 + 7x — 3x + (-3)7 
=x?+ 4x —- 21. 
Note that for all four products: 


e The product of the two binomials is a trinomial. 


e The coefficient of x in the trinomial is the sum of the constant terms in 
the binomials. 


e The constant term in the trinomial is the product of the constant terms 
in the binomials. 


These observations lead to a method for factoring certain trinomials. The first 
type we consider has a positive constant term, just as in the first two multipli- 
cations above. 


Constant Term Positive 


To factor x2 + 7x + 10, we think of FOIL in reverse. We multiplied x times x 
to get the first term of the trinomial, so we know that the first term of each bi- 
nomial factor is x. Next, we look for numbers p and gq such that 


x? + 7x + 10 = (x + p)(x + q). 


To get the middle term and the last term of the trinomial, we look for two 
numbers p and g whose product is 10 and whose sum is 7. Those numbers are 
2 and 5. Thus the factorization is 


(x + 2)(x + 5). 


Check: (x + 2)(x+ 5) =x*+5x+ 2x+ 10 
=x? +7x+ 10. 


SKILL TO REVIEW 
Objective 10.6a: Multiply two 
binomials mentally using the 
FOIL method. 

Multiply. 

1. (x + 3)(x + 4) 

2. (x — 1)(x + 2) 


Answers 


Skill to Review: 
l.x?+7x+12 2x2 +x-2 


11.2 Factoring Trinomials of the Type x? + bx +c 831 


EXAMPLE 1 Factor: x2 + 5x + 6. 


Think of FOIL in reverse. The first term of each factor is x: (x + [[])(x + [[)). 

leGonsider heanonial Next, we look for two numbers whose product is 6 and whose sum is 5. All the 

562 dk Tee ab 1D. pairs of factors of 6 are shown in the table on the left below. Since both the 

product, 6, and the sum, 5, of the pair of numbers must be positive, we need 
consider only the positive factors, listed in the table on the right. 


PAIRS OF | SUMS OF 
FACTORS | FACTORS PAIRS OF FACTORS | SUMS OF FACTORS 


a) Complete the following table. 


PAIRS OF SUMS OF 


FACTORS FACTORS 
ly 12 13 le - 
~1-le -1,-6 -7 
£8 223 5 
—2, —6 -2, -3 —5 
3, 4 
The numbers we need 
aH, 8 are 2 and 3. 
X S 
b) Explain why you need to The factorization is (x + 2)(x + 3). We can check by multiplying to see 
consider only the positive whether we get the original trinomial. 
factors in the table above. 
c) Factor: x2 + 7x + 12. Check: (x + 2)(x + 3) =x* + 3x+ 2x+6=x7+5x4+6. 


2. Factor: x2 + 13x + 36. Do Exercises 1 and 2. 


Compare these multiplications: 


(x — 2)(x — 5) = x2 — 5x — 2x + 10 = x? — 7x + 10; 
(x + 2)(x +5) = x2 4+ 5x + 2x+ 10 = x2 + 7x+ 10. 


TO FACTOR x? + bx + c WHEN c IS POSITIVE 


When the constant term of a trinomial is positive, look for two numbers 
with the same sign. The sign is that of the middle term: 
3. Explain why you would not x2 — 7x + 10 = (x — 2)(x — 5); 
consider the pairs of factors A A” 
listed below in factoring 
y* — By + 12. 


2 = 
x“ + 7x + 10 = (x + 2)(x + 5). 
ZN ( )( > 


PAIRS OF SUMS OF 
FACTORS FACTORS 


EXAMPLE 2 Factor: y* — 8y + 12. 


Since the constant term, 12, is positive and the coefficient of the middle 
term, —8, is negative, we look for a factorization of 12 in which both factors 
are negative. Their sum must be —8. 


Factor. 
4. x2 — 8x + 15 PAIRS OF FACTORS SUMS OF FACTORS 


5. t? — 9t + 20 
The numbers we need 
are —2 and —6. 


Answers 

1. (a) —13, 8, —8, 7, —7; (b) Both 7 and 12 are 
positive. (c) (x + 3)(x + 4) 

2. (x+4)(x +9) 3. The coefficient of the 
middle term, —8, is negative. 


4. (x — 5)(x — 3) . in 
5. (t—5)(t— 4) Do Exercises 3-5. | 


The factorization is (y — 2)(y — 6). The student should check by multiplying. 
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Constant Term Negative 


As we saw in two of the multiplications earlier in this section, the product of 
two binomials can have a negative constant term: 


(x + 3)(x — 7) =x? — 4x - 21 


and 


(x — 3)(x + 7) = x2 + 4x — 21, 


Note that when the signs of the constants in the binomials are reversed, only 
the sign of the middle term in the product changes. 


EXAMPLE 3 Factor: x* — 8x — 20. 

The constant term, —20, must be expressed as the product of a negative 
number and a positive number. Since the sum of these two numbers must be 
negative (specifically, —8), the negative number must have the greater abso- 
lute value. 


PAIRS OF FACTORS SUMS OF FACTORS 


eee. a The numbers we need 
2,—10 eee are 2 and —10. 
Ze 4s) =I 
5, =a il Because these sums are 
ig, —2 8 all positive, for this 
20, -1 19 problem all the 
; corresponding pairs 
: can be disregarded. 
Note that in all three 


The numbers that we are looking for are 2 and 
—10. The factorization is (x + 2)(x — 10). 


pairs, the positive 
number has the greater 
absolute value. 


Check: (x + 2)(x — 10) = x? — 10x + 2x — 20 
= x? — 8x — 20. 


TO FACTOR x? + bx + c WHEN c IS NEGATIVE 


When the constant term of a trinomial is negative, look for two 
numbers whose product is negative. One must be positive and the 
other negative: 


2 = A 
x 4x 21 = (x + 3)(x Ls 
ZN ( aN )( iN ) 


Z 
x“ + 4x 21 = (x 3)(x ay 
ZN ( Pa | 


Consider pairs of numbers for which the number with the larger absolute 
value has the same sign as b, the coefficient of the middle term. 


| Do Exercises 6 and 7. (Exercise 7 is on the following page.) 


6. Consider x2 — 5x — 24. 


a) Explain why you would not 
consider the pairs of factors 
listed below in factoring 
x? — 5x — 24. 


PAIRS OF SUMS OF 


FACTORS FACTORS 


—1,24 
2,12 
=3, 8 
—4, 6 


b) Explain why you would 
consider the pairs of factors 
listed below in factoring 
x2 — 5x — 24. 


PAIRS OF SUMS OF 
FACTORS FACTORS 


c) Factor: x2 — 5x — 24. 


Answers 


6. (a) The positive factor has the larger absolute 


value. (b) The negative factor has the larger 
absolute value. (c) (x + 3)(x — 8) 
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7. Consider x2 + 10x — 24. 


a) Explain why you would not 
consider the pairs of factors 
listed below in factoring 
feeb le = Dh 


PAIRS OF SUMS OF 
FACTORS FACTORS 


b) Explain why you would 
consider the pairs of factors 
listed below in factoring 
x2 + 10x — 24. 


PAIRS OF SUMS OF 
FACTORS FACTORS 


c) Factor: x2 + 10x — 24. 


Factor. 
8. a — 40 + 3a 


9. -18 — 3t + ¢2 


Answers 


7. (a) The negative factor has the larger 
absolute value. (b) The positive factor has the 
larger absolute value. (c) (x — 2)(x + 12) 

8. (a—5)(a+ 8) 9. (t- 6)(t +3) 


EXAMPLE 4 Factor: t? — 24 + 5t¢. 


It helps to first write the trinomial in descending order: t# + 5¢ — 24. 
Since the constant term, —24, is negative, we look for a factorization of —24 in 
which one factor is positive and one factor is negative. Their sum must be 5, 
so we consider only pairs of factors in which the positive factor has the larger 
absolute value. 


PAIRS OF FACTORS SUMS OF FACTORS 


The numbers we need 
are —3 and 8. 


The factorization is (¢ — 3)(¢ + 8). The check is left to the student. 


Do Exercises 8 and 9. 


EXAMPLE 5. Factor: x4 — x2 — 110. 


Consider this trinomial as (x*)* — x? — 110. We look for numbers p and 
qsuch that 


4 


x4 — x* — 110 = (x? + p)(x? + q). 


Since the constant term, —110, is negative, we look for a factorization of —110 
in which one factor is positive and one factor is negative. Their sum must be 
—1. The middle-term coefficient, —1, is small compared to —110. This tells us 
that the desired factors are close to each other in absolute value. The num- 
bers we want are 10 and —11. The factorization is 


(x? + 10)(x* — 11). 


EXAMPLE 6 Factor: a? + 4ab — 21b?. 
We consider the trinomial in the equivalent form 
a* + 4ba — 21b?. 


This way we think of —21b* as the “constant” term and 4) as the “coefficient” 
of the middle term. Then we try to express —21b? as a product of two factors 
whose sum is 4b. Those factors are —3b and 7b. The factorization is 
(a — 3b)(a + 7b). 


Check: (a — 3b)(a + 7b) = a? + 7ab — 3ba — 21b? 
= a* + Aab — 21b?. 


There are polynomials that are not factorable. 


EXAMPLE 7 Factor: x2 —x +5. 


Since 5 has very few factors, we can easily check all possibilities. 


PAIRS OF FACTORS SUMS OF FACTORS 


a, Il 6 
=5),— Il = 
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There are no factors whose sum is —1. Thus the polynomial is not factorable 
into factors that are polynomials with rational-number coefficients. 


In this text, a polynomial like x* — x + 5 that cannot be factored further 
is said to be prime. In more advanced courses, polynomials like x2 — x + 5 
can be factored and are not considered prime. 


| Do Exercises 10-12. 


Often factoring requires two or more steps. In general, when told to fac- 
tor, we should factor completely. This means that the final factorization 
should not contain any factors that can be factored further. 


EXAMPLE 8 Factor: 2x3 — 20x? + 50x. 


Always look first for a common factor. This time there is one, 2x, which 
we factor out first: 


2x3 — 20x? + 50x = 2x(x* — 10x + 25). 


Now consider x? — 10x + 25. Since the constant term is positive and the 
coefficient of the middle term is negative, we look for a factorization of 25 in 
which both factors are negative. Their sum must be —10. 


PAIRS OF FACTORS SUMS OF FACTORS 


The numbers we need 
are —5 and —5. 


The factorization of x* — 10x + 25 is (x — 5)(x — 5), or (x — 5)?. The final 
factorization is 2x(x — 5)*. We check by multiplying: 
2x(x — 5)* = 2x(x? — 10x + 25) 
= (2x)(x?) — (2x)(10x) + (2x)(25) 
= 247 = 20x07 + 50x, 


(Do Exercises 13-15. 


Once any common factors have been factored out, the following sum- 
mary can be used to factor x* + bx + c. 


TO FACTOR x? + bx +c 


1. First arrange in descending order. 


2. Use a trial-and-error process that looks for factors of c whose 
sum is b. 


3. Ifcis positive, the signs of the factors are the same as the sign of b. 


4. Ifcis negative, one factor is positive and the other is negative. If the 
sum of two factors is the opposite of b, changing the sign of each 
factor will give the desired factors whose sum is b. 


5. Check by multiplying. 


Factor. 
10. y2 — 12 — 4y 


11. t* + 5t2 — 14 


12. x2 4+ 2x +7 


Factor. 
13. x3 + 4x2 — 12x 


14. p? — pq — 3pq? 


15. 3x3 + 24x2 + 48x 


Answers 

10. (y—6)(y+2) 11. (t? + 7)(t# — 2) 
12. Prime 13. x(x + 6)(x — 2) 

14. p(p — q— 3q*) 15. 3x(x + 4)? 
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Factor. 
16. 14 + 5x — x2 


7, =e? +b Sip EB 


Answers 
16. —1(x + 2)(x — 7), or (—x — 2)(x — 7), or 
(x + 2)(—x + 7) 
17. —1(x + 3)(x — 6), or (—x — 3)(x 
(x + 3)(—x + 6) 
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Leading Coefficient —1 


EXAMPLE 9 Factor: 10 — 3x — x2. 


Note that the polynomial is written in ascending order. When we write it 
in descending order, we get 


—x?* — 3x + 10, 


which has a leading coefficient of —1. Before factoring in such a case, we can 
factor out a —1, as follows: 


x? — 3x + 10 = —1- x” + (—1)(3x) + (—1)(-10) 
= —1(x? + 3x — 10). 


Then we proceed to factor x* + 3x — 10. We get 
x? — 3x + 10 = —-1(x? + 3x — 10) = —1(x + 5)(x — 2). 


We can also express this answer in two other ways by multiplying either bino- 
mial by —1. Thus each of the following is a correct answer: 


x* — 3x + 10 = —1(x + 5)(x — 2) 
= (-x — 5)(x — 2) Multiplying x + 5 by -1 
= (x + 5)(-x + 2). Multiplying x — 2 by -1 


Do Exercises 16 and 17. 


TIME MANAGEMENT 


e Are you a morning or an evening person? If you are an evening person, 
it might be best to avoid scheduling early-morning classes. If you are 
a morning person, you will probably want to schedule morning classes 
if your work schedule and family obligations will allow it. Nothing can 
drain your study time and effectiveness like fatigue. 


e Keep on schedule. Your course syllabus provides a plan for the 
semester’s schedule. Read the entire syllabus at the beginning of the 
semester. Use a write-on calendar, daily planner, PDA, or laptop 
computer to outline your time for the semester. Be sure to note 
deadlines involving writing assignments and exams so you can begin 
a big task early, breaking it down into smaller segments that will not 
overwhelm you. 
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Exercise Set _ 


(a) Factor. Remember that you can check by multiplying. 


1. x2 + 8x + 15 


PAIRS OF FACTORS 


4. x2 + 9x +8 


PAIRS OF FACTORS 


7.x2— 5x — 14 


PAIRS OF FACTORS 


10. 22 — 8z +7 


PAIRS OF FACTORS 


SUMS OF FACTORS 


SUMS OF FACTORS 


SUMS OF FACTORS 


SUMS OF FACTORS 


2.x2+5x+6 


PAIRS OF FACTORS 


5. x2 - 6x + 9 


PAIRS OF FACTORS 


8. a* + 7a — 30 


PAIRS OF FACTORS 


of 
MW. x? + =x += 
eee ae 


PAIRS OF FACTORS 


SUMS OF FACTORS 


SUMS OF FACTORS 


SUMS OF FACTORS 


SUMS OF FACTORS 
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3.x2 4+ 7x + 12 


PAIRS OF FACTORS 


6. y2 — lly + 28 


PAIRS OF FACTORS 


9. b2 + 5b4+4 


PAIRS OF FACTORS 


PAIRS OF FACTORS 


SUMS OF FACTORS 


SUMS OF FACTORS 


SUMS OF FACTORS 


SUMS OF FACTORS 
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13. d* — 7d + 10 


17.x%2+x4+1 


21. x3 — 6x2 — 16x 


25. —2x — 99 + x? 


29. a* + 2a” — 35 


33. 7 — 2p + p? 


37. 223 — 22% — 24z 
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14, ¢2 — 12f+ 35 


18. x2 + 5x +3 


22. x3 — x2 — 42x 


26. x2 — 72 + 6x 


30. x4 — x2 -6 


34. 11 -— 3w+ w2 


38. 5w* — 20w? — 25w? 
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15. y? — lly + 10 


19. x2 — 7x — 18 


23. y> — 4y” — 45y 


27. c++ c* — 56 


31. x7 +x- 42 


35. x2 + 20x + 100 


39. 3¢4 + 323 + 3r2 


16. x2 — 4x — 21 


20. y* — 3y — 28 


24. x3 — 7x2 — 60x 


28. b* + 5b2 — 24 


32. x2 + 2x — 15 


36. a2 + 19a + 88 


40. 4y° — 4y* — 4y3 
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41. 


45. 


49. 


53. 


57. 


61. 


65. 


69. 


x4 — 21x3 — 100x2 


x? — 25x + 144 


3t2 + 6t + 3 


30 + 7x — x? 


120 — 23x + x2 


y” — 0.2y — 0.08 


84 — 8t — 2 


s? — 2st — 15t? 


42. 


46. 


50. 


54. 


58. 


62. 


66. 


70. 


x4 — 20x3 + 96x? 


y? — 2ly + 108 


2y? + 2ay + 72 


45 + 4x — x2 


96 + 22d + d? 


t2 — 0.3f — 0.10 


72 — 6m — m2 


p* + 5pq — 244? 


43. x2 — 21x — 72 


47. a2 + a — 132 


51. w4 — 8w? + 16w2 


55. 24 — a* — 10a 


59. 108 — 3x — x2 


63. p* + 3pq — 10q? 


67. m2 + 5mn + 4n2 


71. 6a!9 — 30a9 — 84a8 


44, 


48. 


52. 


56. 


60. 


64. 


68. 


72. 


4x2 + 40x + 100 


az + 9a — 90 


zZ> — 624 + 9z3 


—z* + 36-9z 
112 + 9y — y? 
az + 2ab — 3b2 


x? + llxy + 24y? 


7x9 — 28x8 — 35x? 
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Skill Maintenance 


Multiply. [10.5b], [10.6d] 
73. 8x(2x2 — 6x + 1) 


74. (7w + 6)(4w — 11) 


77. (4w — 11)(4w + 11) 


80. Simplify: (3x4)%.  [10.2a, b] 


Solve. [8.3a] 
81. 3x —-8=0 
Solve. 


83. Arrests for Counterfeiting. In 2008, the U.S. Secret 
Service made 2231 arrests for counterfeiting. This 
was an increase of 28% over the number of arrests in 
2007. How many arrests for counterfeiting were made 
in 20072 [8.5a] 


Source: U.S. Secret Service 


Synthesis 


85. Find all integers m for which y* + my + 50 canbe 
factored. 


Factor completely. 


21, 3 
87. x ok = a6 


90. 4x3 + 4x? — 2x 


78. —y(-y? + 3y — 5) 


91. b2" + 7b” + 10 


75. (7w + 6)? 76. (4w — 11)? 


79. (3x — 5y)(2x + 7y) 


82. 2x + 7=0 


84. The first angle of a triangle is four times as large as the 
second. The measure of the third angle is 30° greater 
than that of the second. Find the angle measures. 
[8.6a] 


86. Find all integers b for which a* + ba — 50 can be 
factored. 


2430, _ 25 
89.x° + 5x- 5 


92. a2™ — 11la'™ + 28 


Find a polynomial in factored form for the shaded area in each figure. (Leave answers in terms of 77.) 


93. 
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In Section 11.2, we learned a trial-and-error method to factor trinomials of 
the type x* + bx + c. In this section, we factor trinomials in which the coef- 
ficient of the leading term x? is not 1. Again, the procedure we use is a refined 
trial-and-error method. 


(a) The FOIL Method 


We want to factor trinomials of the type ax* + bx + c. Consider the following 
multiplication: 


rF Go Ff tft 
(2x + 5)(3x + 4) = 6x2 + 8x + 15x + 20 
= 6x*+ 23x + 20 


* ‘i i 
Fa fovea) (Ex 
2:3 2-4 5-3 5-4 


To factor 6x? + 23x + 20, we reverse the above multiplication, using what we 
might call an “unFOIL” process. We look for two binomials rx + p and sx + q 
whose product is (rx + p)(sx + q) = 6x? + 23x + 20. The product of the 
First terms must be 6x”. The product of the Outside terms plus the product of 
the Inside terms must be 23x. The product of the Last terms must be 20. We 
know from the preceding discussion that the answer is (2x + 5)(3x + 4). 
Generally, however, finding such an answer is a refined trial-and-error 
process. It turns out that (—2x — 5)(—3x — 4) is also a correct answer, but we 
generally choose an answer in which the first coefficients are positive. 
We will use the following trial-and-error method. 


THE FOIL METHOD 
To factor ax* + bx + c,a ¥ 1, using the FOIL method: 


1. Factor out the largest common factor, if one exists. 
2. Find two First terms whose product is ax. 


ial \Bx+ )=ax*+bxt+e. 


| 
FOIL 


. Find two Last terms whose product is c: 


( x+Q\( x«+([) =a? + bet. 
| 
FOIL 


. Look for Outer and Inner products resulting from steps (2) and (3) 
for which the sum is bx: 


(Myx + (9) (Gx + 9) = ax? + bx +c. 

L -_ - 
i= FOIL 
O 


. Always check by multiplying. 


SKILL TO REVIEW 
Objective 10.6a: Multiply two 
binomials mentally using the FOIL 
method. 


Multiply. 
1. (2x + 3)(x + 1) 
2. (3x — 4)(2x — 1) 


The ac-method in Section 11.4 


To the student: In Section 11.4, 
we will consider an alternative 
method for the same kind of 
factoring. It involves factoring 
by grouping and is called the 
ac-method. 

To the instructor: We present 
two ways to factor general 
trinomials in Sections 11.3 and 
11.4: the FOIL method in 
Section 11.3 and the ac-method 
in Section 11.4. You can teach 
both methods and let the 
student use the one that he or 
she prefers or you can select 
just one. 


Answers 


Skill to Review: 
1. 2x2 +5x+3 2. 6x2-llx+4 
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' 


Calculator Corner 


A partial check of a factorization 
can be performed using a table or a 
graph. To check the factorization 
6x3 — 9x2 + 4x —6 = 
(2x — 3)(3x + 2), for example, we 
enter y; = 6x? — 9x* + 4x — 6and 
y2 = (2x — 3)(3x2 + 2) onthe 
equation-editor screen. Then we set up a 
table in AUTO mode. If the factorization is 
correct, the values of y; and y2 will be the 
same regardless of the table settings used. 


We can also graph y; = 6x? — 9x2 + 
4x — 6 and yz = (2x — 3)(3x* + 2). 
If the graphs appear to coincide, the 
factorization is probably correct. 


y, = 6x3 — 9x? + 4x — 6, 
Yo = (2x — 3) (3x? + 2) 
10 


—S5h ft he 


Yscl = 2 


Keep in mind that these procedures 
provide only a partial check since we 
cannot view all possible values of x ina 
table or see the entire graph. 


Exercises: Use a table or a graph to 
determine whether each factorization is 
correct. 
1. 24x? — 76x + 40 = 
4(3x — 2)(2x — 5) 
2. 4x2 — 5x -6= 
(4x + 3)(x — 2) 
3. 5x2 + 17x — 12 = 
(5x + 3)(x — 4) 
4. 10x2 + 37x + 7= 
(5x — 1)(2x + 7) 
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EXAMPLE 1 Factor: 3x2 — 10x — 8. 


1) First, we check for a common factor. Here there is none (other than 1 or —1). 


2) Find two First terms whose product is 3x2. 


The only possibilities for the First terms are 3x and x, so any factori- 
zation must be of the form 


)(x + [). 


3) Find two Last terms whose product is —8. 


(3x + 


Possible factorizations of —8 are 


(-8) -1, 8.(=1); (-2)-4, and 2- (—4). 
Since the First terms are not identical, we must also consider 
1 - (-8), (-1) - 8, 4-(—2), and (-4)-:2. 


4) Inspect the Outside and Inside products resulting from steps (2) and (3). 
Look for a combination in which the sum of the products is the middle 


term, —10x: 
Trial Product 
(3x —8)(x+1) 3x2+3x-8x-8 

= 3x* — 5x -8 <- Wrong middle term 
(3x + 8)(x-—1) 3x2-3x+8x-8 

= 3x2 + 5x — 8 <— Wrong middle term 
(3x -—2)(x+4) 3x2+12x-2x-8 

= 3x2 + 10x -— 8 <— Wrong middle term 
(3x + 2)(x—4) 3x2- 12x + 2x-8 

= 3x2 — 10x - 8 ~<— Correct middle term! 
(8x+1)(x-8) 3x2-24¢+x-8 

= 3x2 — 23x -— 8 <— Wrong middle term 
(3x —1)(x+ 8) 3x2+ 24x-x-8 

= 3x2 + 23x — 8 < Wrong middle term 
(3x + 4)(x-2) 3x2-6x+4x-8 

= 3x2 - 2x - 8 <— Wrong middle term 
(3x —4)(x+2) 3x2+ 6x—-4x-8 

= 3x2 + 2x - 8 <— Wrong middle term 


The correct factorization is (3x + 2)(x — 4). 
5) Check: (3x + 2)(x — 4) = 3x2 — 10x — 8. ) 


Two observations can be made from Example 1. First, we listed all pos- 
sible trials even though we could have stopped after having found the correct 
factorization. We did this to show that each trial differs only in the middle 
term of the product. Second, note that as in Section 11.2, only the sign of the 
middle term changes when the signs in the binomials are reversed: 


Plus Minus 


an, 


(3x + 4)(x 
Plus 


2) = 3x2 — 2x - 8 


Minus 


V 


(3x — 4)(x + 2) = 3x2 + 2x - 8. 


Middle term changes sign 
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| Do Exercises 1 and 2. 


Factor. 
EXAMPLE 2 Factor: 24x2 — 76x + 40. 1. 2x? —x—15 
1) First, we factor out the largest common factor, 4: Pa NE ies 
4(6x* — 19x + 10). 
Now we factor the trinomial 6x* — 19x + 10. 


2) Because 6x? can be factored as 3x - 2x or 6x « x, we have these possibili- 
ties for factorizations: 


(3x + [])(2x + []) or (6x + [])(x + [). 
3) There are four pairs of factors of 10 and each pair can be listed in two ways: 


10,1 —10,-1 5,2 —5, -2 


and 
1,10 —1,-10 23) =2,°-5, 


4) The two possibilities from step (2) and the eight possibilities from step (3) 
give 2 - 8, or 16 possibilities for factorizations. We look for Outside and 
Inside products resulting from steps (2) and (3) for which the sum is the 
middle term, —19x. Since the sign of the middle term is negative, but the 
sign of the last term, 10, is positive, both factors of 10 must be negative. This 
means only four pairings from step (3) need be considered. We first try these 
factors with 


(3x + [])(2x + [)). 
If none gives the correct factorization, we will consider 
(6x + [])(x + [)). 
Trial Product 
(3x —10)(2x-—1) 6x* — 3x — 20x + 10 
= 6x* — 23x + 10 <— Wrong middle term 
(3x —1)(2x- 10)  6x* — 30x — 2x + 10 
= 6x* — 32x + 10 <— Wrong middle term 
(3x — 5)(2x — 2) 6x2 — 6x — 10x + 10 
= 6x? — 16x + 10 <— Wrong middle term 
(3x — 2)(2x% — 5) 6x? — 15x — 4x + 10 
= 6x*—19x+10 ~<~ Correct middle term! 


Since we have a correct factorization, we need not consider 


(6x + [])(x + [F). 


The factorization of 6x? — 19x + 10 is (3x — 2)(2x — 5), but do not for- 
get the common factor! We must include it in order to factor the original 
trinomial: 


24x* — 76x + 40 = 4(6x? — 19x + 10) 
= 4(3x — 2)(2x — 5). 
5) Check: 4(3x — 2)(2x — 5) = 4(6x? — 19x + 10) = 24x? — 76x + 40. 


Caution! 


When factoring any polynomial, always look for a common factor first. Failure 
to do so is such a common error that this caution bears repeating. Answers 


1. (2x + 5)(x-— 3) 2. (4x + 1)(3x — 5) 
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In Example 2, look again at the possibility (3x — 5)(2x — 2). Without mul- 
tiplying, we can reject such a possibility. To see why, consider the following: 


(3x — 5)(2x — 2) = (3x — 5)(2)(x — 1) = 2(3x — 5)(x — 1). 


The expression 2x — 2 has a common factor, 2. But we removed the largest 
common factor in the first step. If 2x — 2 were one of the factors, then 2 
would have to be a common factor in addition to the original 4. Thus, 
(2x — 2) cannot be part of the factorization of the original trinomial. 


Given that the largest common factor is factored out at the outset, we 
Factor. need not consider factorizations that have a common factor. 
3. 3x2 — 19x + 20 


4. 20x* — 46x + 24 Do Exercises 3 and 4. | 


EXAMPLE 3 Factor: 10x2 + 37x + 7. 


1) There is no common factor (other than 1 or —1). 


2) Because 10x? factors as 10x - x or 5x - 2x, we have these possibilities for 
factorizations: 


(10x + [])(x + [F]) or (5x + [7])(2x + [)). 


3) There are two pairs of factors of 7 and each pair can be listed in two ways: 
1,7 -1,-7 and tek: Sto 


4) From steps (2) and (3), we see that there are 8 possibilities for factoriza- 
tions. Look for Outer and Inner products for which the sum is the middle 
term. Because all coefficients in 10x? + 37x + 7 are positive, we need 
consider only positive factors of 7. The possibilities are 

(10x + 1)(x + 7) = 10x? + 71x + 7, 
(10x + 7)(x + 1) = 10x? + 17x + 7, 
(5x + 7)(2x + 1) = 10x? + 19x + 7, 
(5x + 1)(2x + 7) = 10x? + 37x +7. ~<~Correct middle term 


The factorization is (5x + 1)(2x + 7). 
5) Check: (5x + 1)(2x + 7) = 10x? + 37x + 7. 


5. Factor: 6x2 + 7x + 2. Do Exercise 5. 


TIPS FOR FACTORING ax? + bx+c,a#1 


° Always factor out the largest common factor first, if one exists. 


° Once the common factor has been factored out of the original 
trinomial, no binomial factor can contain a common factor (other 
than 1 or —1). 


° Ifcis positive, then the signs in both binomial factors must match 
the sign of b. (This assumes that a > 0.) 


Reversing the signs in the binomials reverses the sign of the middle 
term of their product. 


° Organize your work so that you can keep track of which possibili- 


ties have or have not been checked. 
Answers 


3. (3x —4)(x-—5) 4. 2(5x — 4)(2x — 3) 
5. (2x + 1)(3x + 2) 


° Always check by multiplying. 
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EXAMPLE 4 Factor: 10x + 8 — 3x2. 


An important problem-solving strategy is to find a way to make new prob- 
lems look like problems we already know how to solve. (See Example 9 in 
Section 11.2.) The factoring tips on the preceding page apply only to trinomials 
of the form ax? + bx + c, witha > 0. This leads us to rewrite 10x + 8 — 3x? 
in descending order: 


10x + 8 — 3x2 = —3x2 + 10x + 8. Writing in descending order 


Although —3x* + 10x + 8 looks similar to the trinomials we have factored, 
the factoring tips require a positive leading coefficient. This can be attained 
by factoring out —1: 


3x2 + 10x + 8 = —1(3x* — 10x — 8) Factoring out —1 changes 
the signs of the coefficients. 


= —1(3x + 2)(x — 4). — Using the result from 
Example 1 


The factorization of 10x + 8 — 3x* is —1(3x + 2)(x — 4). Other correct an- 
swers are 


10x + 8 — 3x2 = (3x + 2)(—x + 4) Multiplying x — 4 by —-1 
= (—3x — 2)(x — 4). Multiplying 3x + 2 by -1 


| Do Exercises 6 and 7. 


EXAMPLE 5 Factor: 6p* — 13pq — 28q?. 


1) Factor out acommon factor, if any. 


There is none (other than 1 or —1). 


2) Factor the first term, 6p. 
Possibilities are 2p, 3p and 6p, p. We have these as possibilities for fac- 
torizations: 
(2p +L))(3p +L) or (6p + L))(p + L))- 
3) Factor the last term, —28q7, which has a negative coefficient. 
There are six pairs of factors and each can be listed in two ways: 
—28q,q 28q, -q —14q, 2q 14q, —2q —7q, 4q 7q, —4q 
and 
q, —28q —q, 28q 2q, —14q —2q, 14q 4q, —7q —4q, 7q. 
4) The coefficient of the middle term is negative, so we look for combina- 


tions of factors from steps (2) and (3) such that the sum of their products 
has a negative coefficient. We try some possibilities: 


(2p + q)(3p — 28q) = 6p* — 53pq — 28q?, 
(2p — 7q)(3p + 4q) = 6p? — 13pq — 28q?. ~< Correct middle term 


The factorization of 6p? — 13pq — 28q? is (2p — 7q)(3p + 4q). 
5) The check is left to the student. 


[Do Exercises 8 and 9. 


READING EXAMPLES 
A careful study of the examples in 
these sections on factoring is 
critical. Read them carefully to 
ensure success! 


Factor. 
6. 2 — x — 6x? 


7. 2x + 8 — 6x2 


Factor. 
8. 6a2 — 5ab + b2 


9. 6x2 + 15xy + 9y? 


Answers 

6. —1(2x — 1)(3x + 2), or (2x — 1)(—3x — 2), 
or (—2x+1)(3x+2) 7. —2(3x — 4)(x di 
or 2(3x — 4)(—x — 1), or 2(—3x + 4)(x + 1) 
8. (2a— b)(3a—b) 9. 3(2x + 3y)(x + y) 


i 
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For Extra Help 


MyMathLab 


mi TE GQ = |S 


PRACTICE WATCH DOWNLOAD READ REVIEW 


11.3 


(a) Factor. 


1. 2x2 — 7x — 4 2. 3x2 -—x-4 3. 5x2 — x — 18 4. 4x2 — 17x + 15 

5. 6x2 + 23x + 7 6. 6x2 — 23x + 7 7. 3x2 + 4x41 8. 7x2 + 15x + 2 

9. 4x2 + 4x — 15 10. 9x2 + 6x — 8 11. 2x2 -—x-1 12. 15x? — 19x — 10 
13. 9x2 + 18x — 16 14. 2x2 + 5x +2 15. 3x2 — 5x — 2 16. 18x? — 3x — 10 
17. 12x? + 31x + 20 18. 15x2 + 19x — 10 19. 14x? + 19x — 3 20. 35x? + 34x + 8 
21. 9x2 + 18x + 8 22. 6 — 13x + 6x? 23. 49 — 42x + 9x2 24. 16 + 36x? + 48x 
25. 24x2 + 47x — 2 26. 16p? — 78p + 27 27. 35x? — 57x — 44 28. 9a + 12a-5 
29. 20 + 6x — 2x? 30. 15 + x — 2x? 31. 12x? + 28x — 24 32. 6x2 + 33x + 15 
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33. 


37. 


4l. 


45. 


49. 


53. 


57. 


61. 


30x2 — 24x — 54 


3x2 — 4x +1 


—-1+2x*-x 


15x2 — 25x — 10 


16 + 18x — 9x2 


14x4 + 19x3 — 3x2 


15x4 — 19x2+ 6 


6x3 + 4x2 — 10x 


34. 


38. 


42. 


46. 


50. 


54. 


58. 


62. 


18t2 — 24+ 6 


6t2 + 13f+6 


—19x + 15x2 +6 


18x2 + 3x — 10 


33t — 15 — 6t2 


70x4 + 68x32 + 16x2 


9x4 + 18x2 + 8 


18x3 — 21x2 — 9x 


35. 


39. 


43. 


47. 


Sl. 


55. 


59. 


63. 
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4y + 6y? — 10 


12x” — 28x — 24 


9x2 — 18x — 16 


12p3 + 31p? + 20p 


—15x2 + 19x — 6 


168x3 — 45x2 + 3x 


25t7 + 80t + 64 


25x2 + 79x + 64 


36. 


40. 


44. 


48. 


52. 


56. 


60. 


64. 


—9 + 18x? — 21x 


6x2 — 33x + 15 


14y? + 35y + 14 


15x3 + 19x2 — 10x 


1+ p-— 2p? 


144x5 + 168x4 + 48x3 


9x2 — 42x + 49 


Qy? + 42y + 47 


847 


65. 6x? — 19x — 5 66. 2x2 + 1lx -— 9 67. 12m? — mn — 20n? 68. 12a? — 17ab + 6b? 
69. 6a? — ab — 15b? 70. 3p? — 16pq — 12q? 71. 9a? + 18ab + 8b? 72. 10s? + 4st — 6t? 
73. 35p* + 34pq + 8q? 74, 30a? + 87ab + 30b2 75. 18x? — 6xy — 24y? 76. 15a* — 5ab — 20b? 
Skill Maintenance 
Solve. [8.4b] 
77. A= pq — 7, forg 78. y = mx + b, for x 79. 3x + 2y = 6, fory 80. p-— q+ r= 2,forg 


Solve. [8.7e] 
81.5 —-— 4x < -ll 


83. Graph: y = ox — 1. [9.1d] 


Find the intercepts of each equation. 


85. 4x — l6y = 64 

88. 2x a ay = 2 
Synthesis 
Factor. 


91. 20x2” + 16x” + 3 


93. 3x84 — 2x34 — 1] 


82. 2x — 4(x + 3x) = 6x — 8 — 9x 


12 


84. Divide: 


[10.1le] 
y4 


(9.2a] 


86. 4x + l6y = 64 87. x — 1.3y = 6.5 


89. y=4- 5x 90. y= 2x -5 


92. —15x2" + 26x™ — 8 


94, x2M41 — ayMtl yt x 


95.-104. lawl Use the TABLE feature to check the factoring in Exercises 15-24. (See the Calculator Corner on p. 842.) 
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(a) The ac-Method 


Another method for factoring trinomials of the type ax* + bx + c,a # 1, in- 
volves the product, ac, of the leading coefficient a and the last term c. It is 
called the ac-method. Because it uses factoring by grouping, it is also referred 
to as the grouping method. 

We know how to factor the trinomial x2 + 5x + 6. We look for factors of 
the constant term, 6, whose sum is the coefficient of the middle term, 5. What 
happens when the leading coefficient is not 1? To factor a trinomial like 
3x2 — 10x — 8, we can use a method similar to the one that we used for 
x2 + 5x + 6. That method is outlined as follows. 


THE ac-METHOD 
To factor ax* + bx + c, a # 1, using the ac-method: 


. Factor out a common factor, if any. 
. Multiply the leading coefficient a and the constant c. 


. Try to factor the product ac so that the sum of the factors is b. That 
is, find integers p and q such that pq = acand p + gq = b. 


. Split the middle term, writing it as a sum using the factors found 
in step (3). 


. Factor by grouping. 
6. Check by multiplying. 


! EXAMPLE 1 Factor: 3x? — 10x — 8. 
1) First, we factor out acommon factor, if any. There is none (other than 1 
or —1). 
2) We multiply the leading coefficient, 3, and the constant, —8: 
3(-8) = —24. 
3) Then we look for a factorization of —24 in which the sum of the factors is 
the coefficient of the middle term, —10. 


PAIRS OF FACTORS SUMS OF FACTORS 


-1, 24 23 

1, -24 -23 

-2, 12 10 

2,-12 -10< 2 + (-12) = -10 

-3, 8 5 

3, 8 -5 

=, & 2 

4, -6 -2 
a | 


4) Next, we split the middle term as a sum or a difference using the factors 
found in step (3): —10x = 2x — 12x. 
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5) Finally, we factor by grouping, as follows: 


3x2 — 10x — 8 = 3x2 + 2x — 12x - 8 Substituting 2x — 12x 
for —10x 


= (3x2 + 2x) + (—12x — 8) 
= x(3x + 2) —4(3x +2) Factoring by grouping 
= (3x + 2)(x — 4). 


We can also split the middle term as —12x + 2x. We still get the same 
factorization, although the factors may be in a different order. Note the 


following: 
3x2 — 10x — 8 = 3x2 — 12x + 2x - 8 Substituting —12x + 2x 
for —10x 
= (3x2 — 12x) + (2x — 8) 
= 3x(x — 4) + 2(x — 4) Factoring by grouping 
Factor. == ANS 2), 

1. 6x2 + 7x + 2 6) Check: (3x + 2)(x — 4) = 3x* —- 10x - 8. ) 
2. 12x2 — 17x — 5 Do Exercises 1 and 2. | 


' EXAMPLE 2 Factor: 8x2 + 8x — 6. 


1) First, we factor out a common factor, if any. The number 2 is common to 
all three terms, so we factor it out: 2(4x* + 4x — 3). 


2) Next, we factor the trinomial 4x* + 4x — 3. We multiply the leading 
coefficient and the constant, 4 and —3: 4(—3) = —12. 


3) We try to factor —12 so that the sum of the factors is 4. 


PAIRS OF FACTORS SUMS OF FACTORS 


4< 2+6=4 


4) Then we split the middle term, 4x, as follows: 4x = —2x + 6x. 
5) Finally, we factor by grouping: 


Ax? + 4x — 3 = 4x* — 2x + 6x - 3 Substituting —2x + 6x 
for 4x 


= (4x* — 2x) + (6x — 3) 
= 2x(2x — 1) + 3(2x — 1) Factoring by grouping 
Factor. = (2x — 1)(2x + 3). 


3. 6x2 + 15x + 9 a ; 
The factorization of 4x? + 4x — 3 is (2x — 1)(2x + 3). But don’t forget 


A. 20x2 — 46x + 24 the common factor! We must include it to get a factorization of the original 
trinomial: 8x2 + 8x — 6 = 2(2x — 1)(2x + 3). 
6) Check: 2(2x — 1)(2x + 3) = 2(4x2 + 4x — 3) = 8x? + 8x - 6. 


Answers 


1. (2x +1)(8x +2) 2. (4x + 1)(3x — 5) . 
3. 3(2x+3)(x+1) 4. 2(5x — 4)(2x — 3) Do Exercises 3 and 4.) 
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PRACTICE WATCH DOWNLOAD READ REVIEW 


(a) Factor. Note that the middle term has already been split. 


1. x2 + 2x + 7x +14 2.x243x+x4+3 3..x2-—4x-—x+4 

4, a* + 5a — 2a — 10 5. 6x2 + 4x + 9x +6 6. 3x2 — 2x + 3x -2 

7. 3x2 — 4x — 12x + 16 8. 24 — 18y — 20y + 15y? 9. 35x* — 40x + 21x — 24 
10. 8x* — 6x — 28x + 21 11. 4x? + 6x — 6x — 9 12. 2x4 — 6x? — 5x2 +15 
13. 2x4 + 6x? + 5x2 +15 14. 9x4 — 6x” — 6x2 +4 


Factor using the ac-method. 


15. 2x2 + 7x -4 16. 5x2 + x — 18 17. 3x2 — 4x -— 15 18. 3x27 + x-4 
19. 6x2 + 23x +7 20. 6x2 + 13x + 6 21. 3x2 — 4x +1 22. 7x2 — 15x + 2 
23. 4x2 — 4x — 15 24. 9x2 — 6x — 8 25. 2x27 +x- 1 26. 15x2 + 19x — 10 
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27. 


31. 


35. 


39. 


43. 


47. 


51. 


55. 


9x2 — 18x — 16 


12x? — 31x + 20 


9x2 + 18x + 8 


24x? — A7x — 2 


20 + 6x — 2x2 


30x2 — 24x — 54 


3x2 - 4x41 


—-1+ 2x2-—x 


852 CHAPTER 11 


28. 


36. 


40. 


44, 


48. 


52. 


56. 


2x2 — 5x +2 


. 15x2 — 19x — 10 


6 — 13x + 6x2 


16a2 + 78a + 27 


15 + x — 2x2 
18t2 — 24+ 6 
6f2 + t- 15 


—19x + 15x27 +6 
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29. 


33. 


37. 


41. 


45. 


49. 


53. 


3x2 + 5x — 2 


14x2 — 19x — 3 


49 — 42x + 9x2 


5 — 9a2 — 12a 


12x? + 28x — 24 


4y + 6y* — 10 


12x? — 28x — 24 


. 9x2 + 18x — 16 


30. 


34. 


38. 


42. 


46. 


50. 


54. 


58. 


18x2 + 3x — 10 


35x2 — 34x + 8 


25x2 + 40x + 16 


17x — 4x2 + 15 


6x2 + 33x + 15 


—9 + 18x? — 21x 


6x2 — 33x + 15 


14y? + 35y + 14 
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59. 15x2 — 25x — 10 


63. 4 — x — 5x? 


67. 14x4 + 19x? — 3x2 


71. 15x4 — 19x2+ 6 


75. 6x3 + 4x2 — 10x 


79. 6x2 — 19x — 5 


83. 6a2 — ab — 15b2 


60. 18x2 + 3x — 10 


64. 1 — p — 2p 


68. 70x* + 68x? + 16x2 


72. 9x4 + 18x2 + 8 


76. 18x3 — 21x2 — 9x 


80. 2x2 + llx — 9 


84. 3p? — 16pq — 12q? 


61. 12p> + 31p* + 20p 


65. 33¢ — 15 — 6f2 


69. 168x2 — 45x? + 3x 


73. 25t7 + 80t + 64 


77. 25x% + 79x + 64 


81. 12m? — mn — 20n2 


85. 9a2 — 18ab + 8b? 


62. 15x3 + 19x2 — 10x 


66. —15x* — 19x — 6 


70. 144x° + 168x* + 48x3 


74. 9x2 — 42x + 49 


78. 9y? + 42y + 47 


82. 12a2 — 17ab + 6b? 


86. 10s2 + 4st — 6f2 
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87. 35p* + 34pq + 8q? 88. 30a” + 87ab + 30b2 89. 18x? — 6xy — 24y? 90. 15a? — 5ab — 20b? 


91. 60x + 18x? — 6x3 92. 60x + 4x2 — 8x3 93. 35x° — 57x4 — 44x3 94. 15x3 + 33x4 + 6x° 


Skill Maintenance 


Solve. [8.7d, e] 


95. —10x > 1000 96. —3.8x = —824.6 97.6 —- 3x = -18 
98. 3 — 2x — 4x > -9 99. 3x — 6x + 10 = x — 5x 100. —2(x + 7) > —4(x — 5) 
101. 3x — 6x + 2(x — 4) > 2(9 — 4x) 102. —6(x — 4) + 8(4 — x) S 3(x — 7) 
Solve. [8.6a] 
103. The earth is a sphere (or ball) that is about 40,000 km in 104. The second angle of a triangle is 10° less than twice the 
circumference. Find the radius of the earth, in kilome- first. The third angle is 15° more than four times the 
ters and in miles. Use 3.14 for 77. (Hint: 1km ~ 0.62 mi.) first. Find the measure of the second angle. 


Synthesis 

Factor. 

105. 9x!9 — 12x5 +4 106. 24x72” + 22x" + 3 

107. 16x!9 + 8x5 + 1 108. (a + 4)? — 2(a+ 4) +1 


109.-118. TAT Use graphs to check the factoring in Exercises 15-24. (See the Calculator Corner on p. 842.) 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. The greatest common factor (GCF) of a set of natural numbers is at 
least 1 and always less than or equal to the smallest number in the set. [11.1a] 


2. To factor x2 + bx + c, we use a trial-and-error process that looks for 
factors of bwhose sumisc. [11.2a] 


3. A prime polynomial has no common factor other than 1 and—1._ [11.2a] 


4. When factoring x* — 14x + 45, we need consider only positive 
pairs of factors of 45. [11.2a] 


Guided Solutions 


Fill in each blank with the number, variable, or expression that creates a correct statement or solution. 
5. Factor: 10y> — 18y2 + 12y. [11.1b] 
loy? — 18y2 + 12y=(]-5y?-[-9vy+-6 
= 2y(L)) 


6. Factor 2x2 — x — 6 using the ac-method. [11.4a] 


a-c=L]-LJ=-12; Multiplying the leading coefficient and the constant 


-x= ar Sie Splitting the middle term 


2x2 —x-—6=2x2-4x+L1-6 
=| Kx—2) | Ite = 2) 
(Ge 2) (| |) 


Mixed Review 


Find the GCE [11.1a] 
Ths oy, Bee 8. 5x4, x2 9. 6x°, —12x3 


10. —8x, —12, 16x? 11. 15x3y2, 5x2y, 40x4y3 12, x2y4, —x3y3, x3y2, xdy4 


Factor completely. [11.1b, c], [11.2al], [11.3a], [11.4a] 


13. x3 — 8x 14, 3x2 + 12x 15. 2y2 + 8y — 4 

16. 326 — 544 — 223 17. x2 + 4x + 3 18. 27 - 4z+4 

19. x3 + 4x2 + 3x + 12 20. 8y° — 48y3 21. 6x3y + 24x2y? — 42xy3 
22. 6 — 1lt — 4? 23. 24+ 4z-5 24, 2z3 + 8z2 + 5z + 20 
25. 3p? — 2p? — 9p + 6 26. 10x8 — 25x6 — 15x5 + 35x3 27. 2w? + 3w* — 6w - 9 
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28. 4x4 — 5x3 + 3x2 29. 6y2 + 7y — 10 30. 3x2 — 3x — 18 


31. 6x3 + 4x2 + 3x42 32. 15 — 8w + w? 33. 8x3 + 20x? + 2x+5 

34, 10z* — 21z — 10 35. 6x2 + 7x + 2 36. x2 — 10xy + 24y? 37. 623 + 3z2 + 2z+ 1 

38. a>b’ + a4b® — a*b? + a®b® == 39. 4y? — 7yz — 1522 40. 3x° + 21x? + 30x 41. x3 — 3x2 — 2x + 6 

42. 9y2 + Gy +1 43. y* + Gy + 8 44, Gy? + 33y + 45 45. x3 — 7x2 + 4x — 28 

46. 4 + 3y — y? 47. 16x* — 16x — 60 48. 10a* — llab + 3b? 49. 6w? — 15w* — 10w + 25 
50. y2 + 9y2 + 18y 51. 4x2 + llxy + 6y? 52. 6 — 5z — 62? 53. 12t3 + 8t2 — 9t — 6 

54, y* + yz — 2027 55. 9x* — 6xy — By” 56. —3 + 8z + 322 57. m* — 6mn — 16n? 

58. 2w* — 12w + 18 59. 1823 — 1842 + 4¢ 60. 523 + 1522 +243 61. -14 + 5¢+ 7 

62. 4t2 — 20t + 25 63. t? + 4t — 12 64, 12 + 5z — 222 65. 12 + 4y — y? 


Understanding Through Discussion and Writing 


Is it correct? Explain. [11.3a], [11.4a] 


66. Explain how one could construct a polynomial with four 67. When searching for a factorization, why do we list pairs = 
terms that can be factored by grouping. [11.1a], [11.4a] of numbers with the correct product instead of pairs of 3 
numbers with the correct sum? [11.2a] z 

68. Without multiplying (x — 17)(x — 18), explain why it 69. A student presents the following work: 5 
cannot possibly be a factorization of x? + 35x + 306. 4x2 + 28x + 48 = (2x + 6)(2x + 8) Z 

LLL 2a =2 (xo 3)(xar 4). 5 

& 

1e) 
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In this section, we first learn to factor trinomials that are squares of bino- 
mials. Then we factor binomials that are differences of squares. 


(a) Recognizing Trinomial Squares 


Some trinomials are squares of binomials. For example, the trinomial 
x? + 10x + 25 is the square of the binomial x + 5. To see this, we can 
calculate (x + 5)*. It is x2 + 2-x-5 + 5%, or x* + 10x + 25. A trinomial 
that is the square of a binomial is called a trinomial square, or a perfect- 
square trinomial. 

In Chapter 10, we considered squaring binomials as special-product rules: 


(A + B)? = A? + 2AB + B?; 
(A — B)? = A? — 2AB + B?, 


We can use these equations in reverse to factor trinomial squares. 


It would be helpful to memorize 


TRINOMIAL SQUARES this table of perfect squares. 


A? + 2AB + B? = (A + B)?; 


PERFECT 

A* — 2AB + B? = (A — B)? NUMBER, | SQUARE, 
N N? 
. . . ; : i 1 
How can we recognize when an expression to be factored is a trinomial . ‘ 

square? Look at A? + 2AB + B? and A* — 2AB + B®. In order for an expres- 

sion to be a trinomial square: 3 9 
4 16 
a) The two expressions A and B* must be squares, such as 5 25 
A, x7) 255%. 16r", 6 36 
When the coefficient is a perfect square and the power(s) of the variable(s) g - 
is (are) even, then the expression is a perfect square. ; 
b) There must be no minus sign before A? or B?. We ian 
c) If we multiply A and B and double the result, 2 - AB, we get either the a 121 
remaining term or its opposite. 2 144 
! EXAMPLE 1 Determine whether x” + 6x + 9 isa trinomial square. :: a 
a) We know that x” and 9 are squares. 15 225 
b) There is no minus sign before x? or 9. 16 256 
c) If we multiply the square roots, x and 3, and double the product, we get 17 289 
the remaining term: 2: x- 3 = 6x. 18 324 
Thus, x? + 6x + 9 is the square of a binomial. In fact, x? + 6x + 9 = (x + 3). te ale 
) 20 400 
Pall 441 
|! EXAMPLE 2 Determine whether x? + 6x + 11 is a trinomial square. 22 484 
. aa ) 23 529 
The answer is no, because only one term, x“, is a square. oe a 
25) 625 
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Determine whether each is a 


trinomial square. Write “yes” or “no.’ 
1. 


Pp 
3. 


4. 


D 


x? + 8x + 16 


25 — x2 + 10x 
(fe = ip a 
25 + 20y + 4y? 


. 5x2 + 16 — 14x 
. 16x2 + 40x + 25 
.p?+6p-9 


. 25a2 + 9 — 30a 


Factor. 


@h 


10. 


11. 


145 


13. 


x2 4+ 2x41 
1 — 2x + x? 
4+? +4t 
25x? — 70x + 49 


49 — 56y + 16y2 


Answers 


1. Yes 2. No 3. No 
5. No 6. Yes 7. No 
9. (x + 1)? 
ll. (t + 2)2 


4. Yes 

8. Yes 

10. (x — 1)%, or (1 — x)” 
12. (5x — 7)? 


13. (4y — 7)*, or (7 — 4y)? 
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Polynomials: 


’ EXAMPLE 3 Determine whether 16x? + 49 — 56x is a trinomial square. 
It helps to first write the trinomial in descending order: 


16x* — 56x + 49. 
a) We know that 16x? and 49 are squares. 


b) There is no minus sign before 16x? or 49. 


c) If we multiply the square roots, 4x and 7, and double the product, we get 
the opposite of the remaining term: 2 - 4x - 7 = 56x; 56x is the opposite 
of —56x. 


Thus, 16x* + 49 — 56x is a trinomial square. In fact, 16x? — 56x + 49 = 
(4x — 7)?. } 


Do Exercises 1-8. } 


‘b) Factoring Trinomial Squares 


We can use the factoring methods from Sections 11.2-11.4 to factor trinomial 
squares, but there is a faster method using the following equations. 


FACTORING TRINOMIAL SQUARES 
A? + 2AB + B® = (A + B)?; 
A? — 2AB + B* = (A — B)* 


We consider 3 to be a square root of 9 because 37 = 9. Similarly, A is a 
square root of A”. We use square roots of the squared terms and the sign of the 
remaining term to factor a trinomial square. 


’ EXAMPLE 4 Factor: x2 + 6x + 9. 


x2 4+ 6x+9=x24+2- The sign of the 


middle term 
is positive. 


’ EXAMPLE 5 Factor: x2 + 49 — 14x. 


14x = x* — 14x + 49 
=e 2-497 + 77 


x? + 49 Changing to descending order 


The sign of the middle term 
is negative. 


= (x- 7)? 


’ EXAMPLE 6 Factor: 16x2 — 40x + 25. 


16x? — 40x + 25 = (4x)? — 2-4x-5 + 5% = (4x — 5)? 
Lia 7. Fa , 
Az —2 A B+ B*=(A - B)? l 


Do Exercises 9-13. | 


Factoring 


l 


f 


[ 


EXAMPLE 7 Factor: t4 + 20t7 + 100. 
t4 + 2027 + 100 = (£2)? + 2(t?)(10) + 102 
= (t? + 10)? 


EXAMPLE 8 Factor: 75m? + 210m? + 147m. 
Always look first for a common factor. This time there is one, 3m: 


75m3 + 210m? + 147m = 3m(25m” + 70m + 49) 
= 3m[(5m)? + 2(5m)(7) + 77] 
= 3m(5m + 7). 
EXAMPLE 9 Factor: 4p* — 12pq + 9q7?. 
4p? — 12pq + 9q* = (2p)* — 2(2p)(3q) + (3q)? 
= (2p — 3q)* } 


Do Exercises 14-17. 


‘c) Recognizing Differences of Squares 
The following polynomials are differences of squares: 
9 areas ae = Ban", 


To factor a difference of squares such as x? — 9, think about the formula we 
used in Chapter 10: 


(A + B)(A — B) = A? — B?, 


Equations are reversible, so we also know the following. 


DIFFERENCE OF SQUARES 


A? — B* = (A+ B)(A- B) 


Thus, 


x* —9 = (x + 3)(x — 3). 


To use this formula, we must be able to recognize when it applies. A difference 
of squares is an expression like the following: 


A2 — B2, 


How can we recognize such expressions? Look at A? — B?. In order for a bino- 
mial to be a difference of squares: 


a) There must be two expressions, both squares, such as 
axn?, 9, 2507, 1, 2°, -49y*. 


b) The terms must have different signs. 


Factor. 
14. 48m2 + 75 + 120m 


15. p* + 18p2 + 81 
16. 4z° — 20z4 + 2523 


17. 9a2 + 30ab + 25b2 


Answers 


14. 3(4m+5)* 15. (p? + 9)? 
16. z3(2z —5)2—-17. (3a + 5b)? 
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Determine whether each is a differ- 
ence of squares. Write “yes” or “no.” 


18. x* — 25 
19. 2 — 24 
20. y2 + 36 
21. 4x? — 15 
22. 16x4 — 49 
23. 9w® — 1 


24, —49 + 25r2 


Answers 
18. Yes 19. No 20. No 21. No 
22. Yes 23. Yes 24. Yes 
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EXAMPLE 10 Is 9x? — 64 adifference of squares? 


a) The first expression is a square: 9x* = (3x)?. 
The second expression is a square: 64 = 87. 


b) The terms have different signs, +9x* and —64. 


Thus we have a difference of squares, (3x)* — 87. j 


EXAMPLE 11 Is 25 — t? adifference of squares? 
a) The expression f° is not a square. 


The expression is not a difference of squares. 


EXAMPLE 12 Is —4x? + 16a difference of squares? 


a) The expressions 4x* and 16 are squares: 4x* = (2x)* and 16 = 
b) The terms have different signs, —4x* and +16. 


Thus we have a difference of squares. We can also see this by rewriting in the 
equivalent form: 16 — 4x2. ! 


Do Exercises 18-24.] 


( d) Factoring Differences of Squares 


To factor a difference of squares, we use the following equation. 


FACTORING A DIFFERENCE OF SQUARES 
A? — B* = (A+ B)(A-— B) 


To factor a difference of squares A* — B*, we find A and B, which are 
square roots of the expressions A” and B2. We then use A and B to form two 
factors. One is the sum A + B, and the other is the difference A — B. 


EXAMPLE 13 Factor: x2 — 4. 


x? — 4 = x2 — 2? = (x + 2)(x - 2) 


tl Tt 


— B* = (A+ B)(A-B) 


EXAMPLE 14 Factor: 9 — 16¢7. 


9 — 16t4 = 3% — (4t2)? = (3 + 4t2)(3 — 4?) 
; 4 om 
A*— B? (A+ B) (A- B) 
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EXAMPLE 15 Factor: m? — 4p?. 
2 


m? — 4p? = m2 — (2p)? = (m + 2p)(m — 2p) 


EXAMPLE 16 Factor: x2 — : 


’ EXAMPLE 17 Factor: 18x? — 50x°®. 


Always look first for a factor common to all terms. This time there is 
one, 2x2. 


18x? — 50x6 = 2x2(9 — 25x4) 


= 2x?[32 - (5x?)2] Factor. 
= 2x*(3 + 5x2)(3 — 5x”) | 25..x2 - 9 
) EXAMPLE 18 Factor: 49x4 — 9x8, ee es 
49x4 — 9x8 = x4(49 — 9x?) 27. a® — 25b? 
= x7? — (3x)"] 28. 64x4 — 25x6 
= 44°(7 + 3x)(7 = 3x) 
2055 — 20;° 
Do Exercises 25-29. (tae 1 = 12 iP = @eyF) 
Caution! 

Note carefully in these examples that a difference of squares is not the 
square of the difference; that is, 

A2 — B* # (A— B)*. 
For example, 

(45 — 5)* = 407 = 1600, 
but 

452 — 52 = 2025 — 25 = 2000. 
Similarly, 

A* — 2AB + B* # (A— B)(A+ B). 
For example, 

(10 — 3)(10 + 3) =7-13 = 91, 
but 

10? — 2-10-3+ 3 =100-2-10-3+9 

= 100 — 60+ 9 
= 49. 
Answers 


25. (x + 3)(x — 3) 

26. 4(t + 4)(t — 4) 

27. (a + 5b)(a — 5b) 
28. x4(8 + 5x)(8 — 5x) 
29. 5(1 + 2¢3)(1 — 2¢3) 
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Factor completely. 
30. 81x4 - 1 


1 
Sse 

31. 16 81) 

32. 49p* — 25q8 


Answers 
30. (9x2 + 1)(3x + 1)(3x — 1) 


— 


Lia dy?) iy?) 
ai. (4+ 2y')(2+ by 2 37 


32. (7p* + 5q3)(7p* — 5q3) 
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Factoring Completely 


If a factor with more than one term can still be factored, you should do so. 
When no factor can be factored further, you have factored completely. 
Always factor completely whenever told to factor. 


EXAMPLE 19 Factor: p* — 16. 
prea (p y= 4 
= (pF a\(p? 4) 


= (p? + 4)(p + 2)(p— 2) Factoring further; p? — 4isa 
difference of squares. 


Factoring a difference of squares 


The polynomial p? + 4 cannot be factored further into polynomials with 
real coefficients. t 


Caution! 


Apart from possibly removing a common factor, you cannot factor a sum of 
squares as a product of binomials. In particular, 


A? + B* # (A+ B)?. 


Consider 25x? + 100. Here a sum of squares has a common factor, 25. 
Factoring, we get 25(x* + 4), where x* + 4 is prime. For example, 


x2 +44 (x + 2). 


) EXAMPLE 20 Factor: y4 — 16x!?. 


y* — 16x14 = (y? + 4x8)(y? — 4x8) Factoring a difference 


of squares 

= (y* + 4x6)(y + 2x3)(y — 2x3) Factoring further. The 
factor y? — 4x%isa 
difference of squares. 


The polynomial y* + 4x° cannot be factored further into polynomials 
with real coefficients. | 


1 
. EXAMPLE 21 Factor: —x® — 81. 


16 
l 1 1 Factoring a 
6” 81 = (4x! 9)(4x! 9) difference of 
squares 


14 1, 1% Factoring further. 
=e PIN Gk te oe = The factor }x* — 9 


is a difference of 
squares. if 


TIPS FOR FACTORING 
e Always look first for a common factor. If there is one, factor it out. 


e Bealert for trinomial squares and differences of squares. Once 
recognized, they can be factored without trial and error. 


e Always factor completely. 
e Check by multiplying. 


Do Exercises 30-32. 
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; For Extra Help 
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(a) Determine whether each of the following is a trinomial square. Answer “yes” or “no.” 


1. x* — 14x + 49 2. x? — 16x + 64 3. x2 + 16x — 64 4. x* — 14x — 49 


5. x2 -2x +4 6. x2 + 3x +9 7. 9x2 — 24x + 16 8. 25x2 + 30x + 9 


Factor completely. Remember to look first for a common factor and to check by multiplying. 


9. x2 — 14x + 49 10. x? — 20x + 100 11. x? + 16x + 64 12. x2 + 20x + 100 
13. x2 — 2x +1 14. x2 + 2x41 15. 4 + 4x + x? 16. 4+ x2 — 4x 
17. y?2 + 12y + 36 18. y2 + 18y + 81 19. 16 + t? — 8t 20.9 + t? - 6t 
21. q* — 6q* +9 22. 64 + 16a” + at 23. 49 + 56y + 16y? 

24. 75 + 48a” — 120a 25. 2x2 — 4x + 2 26. 2x* — 40x + 200 
27. x3 — 18x* + 81x 28. x3 + 24x? + 144x 29. 12q? — 36q + 27 
30. 20p? + 100p + 125 31. 49 — 42x + 9x? 32. 64 — 112x + 49x 
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33. 


36. 


39. 


42. 


45. 


49. 


53. 


57. 


61. 


65. 


5y4 + l0y? +5 


1 — 2a° + q!0 


a* — 6ab + 9b2 


64p? + 16pq + q? 


34. a* + 14a” + 49 


37. 4p? + 12pq + 9q? 


40. x2 — 14xy + 49y2 


43. 36a” + 96ab + 64b2 


35. 1 + 4x4 4+ 4x2 


38. 25m? + 20mn + 4n2 


Al. 8la* — 18ab + b2 


44. 16m? — 40mn + 25n2 


Determine whether each of the following is a difference of squares. Answer “yes” or “no.” 


x2-4 


x2 — 45 


Factor completely. Remember to look first for a common factor. 


y°>-4 


—49 + £2 


25t2 — m2 


16a? — 9 
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46. x2 — 36 


50. x? — 80y? 


54. gq? -— 1 


58. —64 + m? 


62. w2 — 4922 


66. 25x2 — 4 


Polynomials: Factoring 


51. 


55. 


59. 


63. 


67. 


47. x2 + 25 


—25y* + 16x? 


a* — b2 


100 — k? 


4x? — 25y? 


48. 


52. 


56. 


60. 


64. 


68. 


x2 +9 


—1 + 36x2 


x2 — 36 


81 — w2 


9a* — 16b2 
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69. 


73. 


77. 


81. 


85. 


89. 


Skill Maintenance 


Divide. 


93. (—110) + 10 


96. 


Find a polynomial for the shaded area in each figure. (Leave results in terms of 7 where appropriate.) 


‘La 
Lal 


8x2 — 98 
7 — 49x8 
49a* — 81 
5x4 — 405 
x2 — 16 
25: at 


[7.6a, Cc] 


8.1 + (-9) 


x 


70. 


74. 


78. 


82. 


86. 


90. 


24x2 — 54 


25a* — 9 


4x4 — 64 


x8 — 81 


71 


75, 


79. 


83. 


87. 


91. 


94. —1000 = (—2.5) 


97. —64 + (—32) 


100. 
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. 36x — 49x83 
. 0.09y2 — 0.0004 


a‘ — 16 


16m* — t4 


C 


72. 


76. 


16x — 81x3 


0.16p* — 0.0025 


80. y+ - 1 
84. x8 — 1 
1 
88. x2 — — 
96 
92. p*q* - 1 
2 4 
95. (-—]+— 
eu: 
98. —256 + 1.6 
[10.4d] 
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Simplify. 
101. y°- y’ [10.14] 102. (5a2b3)? [10.2a, b] 


Find the intercepts. Then graph each equation. [9.2a] 


103. y — 6x = 6 104. 3x — 5y = 15 
Synthesis 
Factor completely, if possible. 
105. 49x* — 216 106. 27x — 13x 107. x? + 22x + 121 108. x? — 5x + 25 
109. 18x3 + 12x? + 2x 110. 162x? — 82 111. x8 — 28 112. 4x4 — 4x2 
11d. 34° = 124° 114. 3x? — 3 115. 18x3 — 2x 116. x? — 2.25 
117. 0.49p — p? 118. 3.24x? — 0.81 119. 0.64x? — 1.21 120. 1.28x? — 2 

1 2 
121. (x + 3)? -9 122. (y — 5)? — 36q? 123. x? — (2) 124, a2” — 49p2” 
125. 81 — b4* 126. 9x18 + 48x9 + 64 127. 9b2” + 12b" +4 128. (x + 7)* — 4x — 24 
129. (y + 3) + 2(y+3) +1 130. 49(x + 1)* — 42(x + 1) + 9 


Find c such that the polynomial is the square of a binomial. 
131. cy? + 6y+ 1 132. cy? — 24y + 9 


(ASA Use the TABLE feature or graphs to determine whether each factorization is correct. (See the Calculator Corner on p. 842.) 
133. x2 + 9 = (x + 3)(x + 3) 134. x2 — 49 = (x — 7)(x + 7) 


135. x7 + 9 = (x + 3)? 136. x? — 49 = (x — 7)? 
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We now combine all of our factoring techniques and consider a general strat- 
egy for factoring polynomials. Here we will encounter polynomials of all the 
types we have considered, in random order, so you will have the opportu- 
nity to determine which method to use. 


FACTORING STRATEGY 

To factor a polynomial: 

a) Always look first for a common factor. If there is one, factor out the 
largest common factor. 

b) Then look at the number of terms. 
Two terms: Determine whether you have a difference of squares, 
A* — B?. Do not try to factor a sum of squares: A* + B?. 


Three terms: Determine whether the trinomial is a square. If it is, 
you know how to factor. If not, try trial and error, using FOIL or the 
ac-method. 


Four terms: Try factoring by grouping. 
c) Always factor completely. If a factor with more than one term can 


still be factored, you should factor it. When no factor can be 
factored further, you have finished. 


d) Check by multiplying. 


! EXAMPLE1 Factor: 5¢4 — 80. 


a) We look for a common factor. There is one, 5. 


b 


~S 


Cc) 


d 


wW 


5t4 — 80 = 5(t4 — 16) 
The factor t* — 16 has only two terms. It is a difference of squares: 
(t*)? — 42. We factor t* — 16 and then include the common factor: 

5(t? + 4)(t? — 4). 


We see that one of the factors, t2 — 4, is again a difference of squares. We 
factor it: 


5(t2 + 4)(t + 2)(t — 2). 


This is a sum of squares. It cannot be factored. 
We have factored completely because no factor with more than one term 
can be factored further. 
Check: 5(f? + 4)(t+ 2)(t — 2) = 5(f% + 4)(t2 — 4) 
= 5(¢* — 16) 
= 5t4 — 80. ’ 


STUDY TIPS 


LEARN FROM YOUR 
MISTAKES 


When your instructor returns a 
graded homework assignment, 
quiz, or test, take time to review it 


and understand the mistakes you 
made. Be sure to ask your instructor 
for help if you can't see what your 
mistakes are. We often learn much 
more from our mistakes than from 
the things we do correctly. 
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Factor. 
1. 3m* — 3 
2. x8 + 8x3 + 16 
3. 2x4 + 8x3 + 6x? 
4. 3x3 + 12x2 — 2x — 8 
5. 8x3 — 200x 
Answers 


1. 


3(m? + 1)(m + 1)(m — 1) 


2. (x3 + 4)2 
4. 
5 


(x + 4)(3x* — 2) 
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. Bx(x — 5)(x + 5) 
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3. 2x2(x + 1)(x + 3) 


EXAMPLE 2 Factor: 2x3 + 10x? +x +5. 
a) We look for a common factor. There isn’t one. 
b) There are four terms. We try factoring by grouping: 


2x3 + 10x2 +x4+5 


= (2x3 + 10x*) + (x +5) — Separating into two binomials 


= 2x*(x + 5) + lx + 5) Factoring each binomial 
= (x + 5)(2x? + 1). Factoring out the common 
factorx + 5 


c) None of these factors can be factored further, so we have factored 
completely. 


d) Check: (x + 5)(2x2 +1) =x-2x%+x4-14+5-2x74+5-1 
2x3 +x+ 10x? +5, or 
2x3 + 10x2 +x4+5. 


EXAMPLE 3 Factor: x° — 2x4 — 35x3. 


a) We look first for a common factor. This time there is one, x: 


x5 — 2x4 — 35x53 = x3(x* — 2x — 35). 


b) The factor x? — 2x — 35 has three terms, but it is not a trinomial square. 
We factor it using trial and error: 


x® — 2x4 — 35x53 = x3(x? — 2x — 35) = x3(x — 7)(x + 5). 


Don’t forget to include the common 
factor in the final answer! 


c) No factor with more than one term can be factored further, so we have fac- 
tored completely. 


d) Check: x3(x — 7)(x + 5) = x3(x? — 2x — 35) = x5 — 2x4 — 35x3, 


EXAMPLE 4 Factor: x4 — 10x? + 25. 


a) We look first for a common factor. There isn’t one. 


b) There are three terms. We see that this polynomial is a trinomial square. 
We factor it: 


x4 — 10x? + 25 = (x7)? — 2-x?2-5 + 5% = (x? — 5). 


We could use trial and error if we have not recognized that we have a tri- 
nomial square. 


c) Since x* — 5 cannot be factored further, we have factored completely. 
d) Check: (x? — 5)? = (x?)? — 2(x2)(5) + 5% = x4 — 10x? + 25. 


Do Exercises 1-5. 


EXAMPLE 5 Factor: 6x2y4 — 21x3y° + 3x2y®. 
a) We look first for a common factor: 


6x2y4 — 21x3y5 + 3x2y6 = 3x2y4(2 — 7xy + y?). 
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b) There are three terms in 2 — 7xy + y*. We determine whether the trino- 
mial is a square. Since only y” is a square, we do not have a trinomial 
square. Can the trinomial be factored by trial and error? A key to the an- 
swer is that x is only in the term —7xy. The polynomial might be in a form 
like (1 — y)(2 + y), but there would be no x in the middle term. Thus, 
2 — 7xy + y* cannot be factored. 


c) Have we factored completely? Yes, because no factor with more than one 
term can be factored further. 


d) The check is left to the student. 


EXAMPLE 6 Factor: (p+ q)(x + 2) +(p+q)(x+y). 


a) We look for a common factor: 


(p+ qy(xt2)+ (p+ qgxty) = (pt glx t+ 2) + (xt y)] 
=(pt+q)(2x+ y+ 2). 
b) There are three terms in 2x + y + 2, but this trinomial cannot be factored 
further. 
c) Neither factor can be factored further, so we have factored completely. 
d) The check is left to the student. 


EXAMPLE 7 Factor: px + py + qx + qy. 


a) We look first for a common factor. There isn’t one. 
b) There are four terms. We try factoring by grouping: 


px + py + qx + qy = p(x + y) + q(x + y) 
= (x + y)(p + 9). 
c) Have we factored completely? Since neither factor can be factored further, 
we have factored completely. 
d) Check: (x + y)(p + q) = px + qx + py + qy, or 
px + py + qx + qj. 


EXAMPLE 8 Factor: 25x* + 20xy + 4y?. 


a) We look first for a common factor. There isn’t one. 


b) There are three terms. We determine whether the trinomial is a square. 
The first term and the last term are squares: 


25x* = (5x)* and 4y* = (2y)*. 
Since twice the product of 5x and 2y is the other term, 
2:-5x- 2y = 20xy, 


the trinomial is a perfect square. 
We factor by writing the square roots of the square terms and the sign 
of the middle term: 


25x2 + 20xy + 4y? = (5x + 2y)2. 


c) Since 5x + 2y cannot be factored further, we have factored completely. 
d) Check: (5x + 2y)* = (5x)* + 2(5x)(2y) + (2y)? 
= 25x2 + 20xy + 4y?. 


TIME MANAGEMENT 


Here are some additional tips to 
help you with time management. 
(See also the Study Tips on time 
management in Sections 8.2 

and 11.2.) 


e Avoid distractions. Don't 


allow yourself to be distracted 
from your studies by elec- 
tronic “time robbers” such 

as video games, the Internet, 
and television. Be disciplined 
and study first. Then reward 
yourself with a leisure activity 
if there is enough time in 
your day. 


Don't be overwhelmed. Don't 
let the idea of starting your 
homework or studying for a 
test overwhelm you. Begin 
by choosing a few homework 
problems to do or focus ona 
single topic to review for a 
test. Often, getting started is 
the most difficult part of an 
assignment. Once you have 
cleared this mental hurdle, 
your task will seem less 
overwhelming. 
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Factor. 
6. 15x4* + 5x2y — 10y2 


7. 10p®q2 + 4p°q3 + 2p4q* 


8. 


@b 


ax® + ay + bx* + by 


We yy 

11. x2y2 + Sxy + 4 

12. p* — 81q* 

Answers 

6. 5(3x2 — 2y)(x2 + y) 

7. 2p4q*(Sp? + 2pq + q*) 

8. (a — b)(2x +5 + y?) 

9. (x2 + y)(at+b) 10. (x2 + y?)? 
ll. (xy + 1)(xy + 4) 


12. (p? + 9q7)(p + 3q)(p — 3q) 
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EXAMPLE 9 Factor: p*q* + 7pq + 12. 


a) We look first for a common factor. There isn’t one. 


b) There are three terms. We determine whether the trinomial is a square. 
The first term is a square, but neither of the other terms is a square, so we 
do not have a trinomial square. We factor, thinking of the product pq asa 
single variable. We consider this possibility for factorization: 


(pq + _})(pq + L]). 


We factor the last term, 12. All the signs are positive, so we consider only 
positive factors. Possibilities are 1, 12 and 2, 6 and3, 4. The pair 3, 4 gives a 
sum of 7 for the coefficient of the middle term. Thus, 


p’q? + 7pq + 12 = (pq + 3)(pq + 4). 


c) No factor with more than one term can be factored further, so we have fac- 
tored completely. 


d) Check: (pq + 3)(pq + 4) = (pq)(pq) + 4: pqt+3-pq+3-4 
= pq? + 7pq + 12. 


EXAMPLE 10 Factor: 8x4 — 20x*y — 12y?. 


a) We look first for a common factor: 


8x4 — 20x7y — 12y? = 4(2x4 — 5x2y — 3y?). 


b) There are three terms in 2x* — 5x?y — 3y?. We determine whether the tri- 
nomial is a square. Since none of the terms is a square, we do not have a 
trinomial square. We factor 2x*. Possibilities are 2x2, x2 and 2x, x3 and 
others. We also factor the last term, —3y2. Possibilities are 3y, —y and —3y, y 
and others. We look for factors such that the sum of their products is the 
middle term. The x* in the middle term, —5xy, should lead us to try 
(2x?) (x). We try some possibilities: 


(2x2 — y)(x? + 3y) = 2x4 + 5x2y — 3y?, 
(2x2 + y)(x? — 3y) = 2x4 - 5x2y — 3y?. 


c) No factor with more than one term can be factored further, so we have fac- 
tored completely. The factorization, including the common factor, is 
4(2x2 + y)(x? — 3y). 
d) Check: 4(2x? + y)(x? — 3y) = 4[(2x”)(x2) + 2x2(—3y) + yx? + y(—-3y)] 
= 4[2x4 — 6x2y + x2y — 3y?] 
= 4(2x4 — 5x2y — 3y?) 
= 8x4 — 20x2y — 12y?. 


EXAMPLE 11 Factor: a* — 16b*. 


a) We look first for a common factor. There isn’t one. 


b) There are two terms. Since a* = (a”)* and 16b4 = (4b*)?, we see that we 
do have a difference of squares. Thus, 


a* — 16b* = (a? + 4b*)(a* — 4b?), 
c) The last factor can be factored further. It is also a difference of squares. 
a‘ — 16b* = (a? + 4b*)(a + 2b)(a — 2b) 
d) Check: (a? + 4b2)(a + 2b)(a — 2b) = (a* + 4b?)(a? — 4b?) 
= a* — 16b+. 


Do Exercises 6-12. 
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: For Extra Help —— 
11.6 | Bayh MyMathtab\ “© &. = 2 


(a) Factor completely. 


1. 3x? — 192 2. 2t? — 18 3. a2 + 25 — 10a 

4. y2 + 49 + l4y 5. 2x2 — 1lx + 12 6. 8y? — 18y — 5 

7. x3 + 24x? + 144x 8. x3 — 18x? + 81x 9. x3 + 3x2 — 4x -— 12 
10. x3 — 5x? — 25x + 125 11. 48x? — 3 12. 50x? — 32 
13. 9x3 + 12x? — 45x 14. 20x3 — 4x? — 72x 15.x7 + 4 
16. £2 + 25 17. x4 + 7x? — 3x3 — 21x 18. m4 + 8m? + 8m? + 64m 
19. x° — 14x4 + 49x83 20. 2x6 + 8x° + 8x4 21. 20 — 6x — 2x? 
22. 45 — 3x — 6x? 23. x2 — 6x + 1 24. x2 + 8x +5 
25. 4x4 — 64 26. 5x° — 80x 27.1 —- y8 
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28. 


31. 


34. 


37. 


40. 


43. 


46. 


49. 


52. 


12p* + 24q3 


2arh + 2ar2 


5c(a? + b) — (a? + b) 


n? + 2n+ np + 2p 


2x* — 4x + xy — 2y 


16x* + 24xy + 9y2 


Ax*y* + 12xyz + 92? 
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29. x° — 4x4 + 3x3 


25 
32. 36a” — 15a + — 
16 


35. 9x2y? — 36xy 


38. 10p*q* + 35p%q? + 10p7q? 


Al. (x — 1)(x + 1) - y(x 


44, a* — 3a + ay — 3y 


47. 4b + a* — 4ab 


50. 9c2 + 6cd + d2 


53. y4 + 10y2z? + 2524 
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30. 


33. 


36. 


39. 


42. 


45. 


48. 


51. 


54. 


x8 — 2x5 + 7x4 


mx? + my? 


x?y — xy? 


s(p=—.9) =e pag) 


6q? — 3q + 2pq — p 


x? + y* — 2xy 


49m‘* — 112m2n + 64n2 


0.01x4 — 0.1x2y? + 0.25y4 
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55. 


58. 


61. 


64. 


67. 


70. 


73. 


76. 


79. 


1 1 1 
i il een 1 ie ae 
ge 3 tg 


3b2 — 17ab — 6a? 


m2n2 — 4mn — 32 


pq? + 3p*q — 10p° 


pq? =F 


2 
1 — 16x!4y!2 


m3 — 7m2 — 4m + 28 


m4 — 5m2+ 4 


56. 


59. 


62. 


65. 


68. 


71. 


74. 


77. 


80. 


4p?q + pq? + 4p 


2mn — 360n2 + m2 


p’q? + 7pq + 6 


a° + 4a*bh — 5a3b2 


16 — p4q* 


8la* — b4 


6a%b3 — a*b% — 2ab 


8x3y3 — 6x2y? — 5xy 


57. 


60. 


63. 


66. 


69. 


72. 


75. 


78. 


81. 


a* — ab — 2b? 


15 + x2y? + 8xy 


rs — 10r4s + 16r3 


25%? + 10s3¢3 + 1244 


15a* — 15b4 


gq? + 8q?7-q-8 


4ab® — 32b4 + a2b® 


t4 — 264 4+1 
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Skill Maintenance 


Find an equation of a line containing the given point and having the given slope. [9.4b] 


82. (0, —4);m = 8 83. (—4,0);m = -3 84, (3, —2);m = —0.28 85. (—4,5);m = -= 
i 2 ree: ioe 11 
86. Multiply: (5x — £)*. [10.6d] 87. Divide: 5 (40) [7.6c] 
88. Solve: 4(x — 9) — 2(x + 7) < 14. [8.7e] 89. Solve A = aX + bX — 7forX. [8.4b] 
Synthesis 
Factor completely. 
90. x4 +9 91. x3 + 20 — (5x? + 4x) 92. =x —xt = 93. 12.25x* — 7x + 1 
94. x3 — (x — 3x?) - 3 95. 5x2 + 13x + 7.2 96. —(x* — 7x? — 18) 97. 18 + y3 — 9y — 2y?2 
98. x3 + x2 — (4x + 4) 99. x3 — x2 - 4x +4 100. 3x4 — 15x? + 12 101. a3 — 4a2-a-4 
102. y2(y + 1) — 4y(y + 1) - 21(y + 1) 103. y2(y — 1) - 2W(y-1) + (y-1) 
104. 6(x — 1)? + 7y(x — 1) - 3y? 105. (y + 4)? + 2x(y + 4) + x? 
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Second-degree equations like x* + x — 156 = 0 and 9 — x? = 0 are exam- 
ples of quadratic equations. 


QUADRATIC EQUATION 


A quadratic equation is an equation equivalent to an equation of 


the type 


ax? + bx+c=0,a#0. 


In order to solve quadratic equations, we need a new equation-solving 
principle. 


(a) The Principle of Zero Products 


The product of two numbers is 0 if one or both of the numbers is 0. Further- 
more, ifany product is 0, then a factor must be 0. For example: 


If 7x = 0, then we know that x = 0. 
If x(2x — 9) = 0, then we know that x = 0 or 2x — 9 = 0. 
If (x + 3)(x — 2) = 0, then we know that x + 3 = Oorx—2=0. 


oon nn nen nena nace nenn nn nnc ccna Caution!  -------------------------------------------- 


In a product such as ab = 24, we cannot conclude with certainty that a is 
24 or that bis 24, but if ab = 0, we can conclude that a = 0 or b = 0. 


! EXAMPLE 1 Solve: (x + 3)(x — 2) =0. 


We have a product of 0. This equation will be true when either factor is 0. 
Thus it is true when 


x+3=0 or x-2=0. 
Here we have two simple equations that we know how to solve: 
x=][—3 or x=2, 


Each of the numbers —3 and 2 is a solution of the original equation, as we can 
see in the following checks. 


Check: For —3: For 2: 
(x + 3)(x — 2) =0 (x + 3)(x — 2) = 
(-3 + 3)(-3 — 2) 20 (2+ 3)\(2—2) ? 
0(-5) 5(0) | 
0 TRUE 0 TRUE 


SKILL TO REVIEW 
Objective 8.3a: Solve equations 
using both the addition principle 
and the multiplication principle. 


Solve. 
1.3x-7=2 
2.4y+5=1 


STUDY TIPS 


WORKING WITH 
A CLASSMATE 


If you are finding it difficult to 
master a particular topic or 
concept, try talking about it with 
a classmate. Verbalizing your 
questions about the material 
might help clarify it. If your 
classmate is also finding the 
material difficult, it is possible 
that the majority of the people in 
your class are confused and you 
can ask your instructor to explain 
the concept again. 


Answers 


Skill to Review: 
23 Qe. 
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We now have a principle to help in solving quadratic equations. 


THE PRINCIPLE OF ZERO PRODUCTS 


An equation ab = 0 is true if and only if a = 0 is true or b = O is true, or 
both are true. (A product is 0 if and only if one or both of the factors is 0.) 


_ EXAMPLE 2 Solve: (5x + 1)(x — 7) = 0. 
We have 
(5x + 1)(x -— 7) =0 
5x+1=0 or x-7=0 Using the principle of zero products 


5x = —-1l or =7 Solving the two equations separately 
x= -i or = 7; 
Check: For —#: For 7: 
(5x + 1)(x — 7) =0 (5x + 1)(x — 7) =0 
(5(- y+ + ae L_7)29 (5(7) + 1)(7 - 7) 2.0 
N=7 (35 + 1)-0 
-_. i 36 - 0 
45 0 TRUE 
0 TRUE 
Solve using the principle of zero ; i ) 
products. The solutions are —; and 7. 


Ia 3 +4)=0 
c po When you solve an equation using the principle of zero products, a check 


2. (x — 7)(x — 3) =0 by substitution, as in Examples 1 and 2, will detect errors in solving. 


3. (4¢ + 1)(3t- 2) =0 Do Exercises 1-3. 


When some factors have only one term, you can still use the principle of 
zero products. 


’ EXAMPLE 3 Solve: x(2x — 9) = 0. 


We have 
x(2x — 9) =0 
x=0 or 2x-9=0 Using the principle of zero products 
=0 or 2x =9 
x=0 or a 2 
2 
Check: For 0: For 3: 
x(2x — 9) =0 x(2x — 9) = 0 
0- (2-0-9) 20 2. (2-2-9) 20 
r= 9 
ok aay ve. 
2°0 
4. Solve: y(3y — 17) = 0. 0 TRUE 


Do Exercise 4. 


Answers 


L.3;-4 2.73 B= 
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(b) Using Factoring to Solve Equations 


Using factoring and the principle of zero products, we can solve some new 
kinds of equations. Thus we have extended our equation-solving abilities. 


’ EXAMPLE 4 Solve: x2 + 5x + 6=0. 


There are no like terms to collect, and we have a squared term. We first 
factor the polynomial. Then we use the principle of zero products. 


x2 +5x+6=0 
(x + 2)(x + 3) =0 Factoring 
x+2=0 or x+3=0 Using the principle of zero products 


x=-2 or x=-3 
Check: For —2: For —3: 
x2+5x+6=0 x2+5x+6=0 
(-2)2 + 5(-2) +6 2.0 (-3)2 + 5(-3) + 6 2.0 
4-10+6 9-15+6 
-6+6 -6+6 
0 TRUE 0 TRUE 
The solutions are —2 and —3. t 
Caution! 


Keep in mind that you must have 0 on one side of the equation before you 
can use the principle of zero products. Get all nonzero terms on one side 
and 0 on the other. 


Do Exercise 5. 5. Solve: x7 — x —-6=0. 


' EXAMPLE 5 Solve: x2 — 8x = —16. 
We first add 16 to get a0 on one side: 


x2 — 8x = -16 


x? — 8x + 16=0 Adding 16 
(x — 4)(x — 4) =0 Factoring 
x-4=0 or x-4=0 Using the principle of zero products 
x=4 or x=A4, Solving each equation Salve: 
There is only one solution, 4. The check is left to the student. f 6. x2 — 3x = 28 


| Do Exercises 6 and 7. 7. x2 = 6x —9 


| EXAMPLE 6 Solve: x? + 5x = 0. 
x? + 5x =0 
x(x + 5) =0 Factoring out a common factor 
x=0 or x+5=0 Using the principle of zero products 
x=0 or x= 9 


The solutions are 0 and —5. The check is left to the student. ) 


Answers 
5. -2,3 6 -4,7 7.3 
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Solve. 
8. x2 — 4x = 0 


9. 9x2 = 16 


Solve. 
10), =e? + ise = Di = 


11. 10 — 3x — x2 =0 


12. Solve: (x + 1)(x — 1) =8. 


Answers 


80,4 9 te 10. —3, LL. —5,.2 
30:3 
12). 353. 


. EXAMPLE 7 Solve: 4x? = 25. 
4x? = 25 
4x2 —25=0 Subtracting 25 on both sides 
to get 0 on one side 
(2x — 5)(2x +5) =0 Factoring a difference of squares 
2x-5=0 or 2x+5=0 Using the principle 
of zero products 


2x =5 or 2x = —-5 Solving each equation 
x= 2 or x= = 
2 2 
The solutions are 3 and —3. The check is left to the student. } 


Do Exercises 8 and 9. 


’ EXAMPLE 8 Solve: —5x2 + 2x +3 = 0. 


In this case, the leading coefficient of the trinomial is negative. Thus we 
first multiply by —1 and then proceed as we have in Examples 4-7. 


5x2 + 2x+3=0 


—1(-5x?2 + 2x +3) =-1-0 Multiplying by —1 
5x? — 2x -3 =0 Simplifying 
(5x + 3)(x-— 1) =0 Factoring 


sx +3=0 or x-1=0 Using the principle of 
zero products 


5x = —-3 or x=1 
x= = or x=1 
5 
The solutions are —2 and 1. The check is left to the student. ) 


Do Exercises 10 and 11. 


| EXAMPLE 9 Solve: (x + 2)(x — 2) =5. 


Be careful with an equation like this one! It might be tempting to set each 
factor equal to 5. Remember: We must have a 0 on one side. We first carry out 
the multiplication on the left. Next, we subtract 5 on both sides to get 0 on 
one side. Then we proceed with the principle of zero products. 


(x + 2)(x - 2) =5 


x? -4=5 Multiplying on the left 
x?-4-5=5-5 Subtracting 5 
x? -9=0 Simplifying 
(x + 3)(x — 3) =0 Factoring 
x+3=0 or x-3=0 Using the principle of zero products 
x=-3 or x=3 
The solutions are —3 and 3. The check is left to the student. ' 


Do Exercise 12. 
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< Algebraic-Graphical Connection 


In Chapter 9, we graphed linear equations of the type y = mx + b 

and Ax + By = C. Recall that to find the x-intercept, we replaced y 

with 0 and solved for x. This procedure can also be used to find the 
x-intercepts when an equation of the form y = ax* + bx + c,a # 0, 

is to be graphed. Although the details of creating such graphs will be 
left to Chapter 15, we consider them briefly here from the standpoint of 
finding the x-intercepts. The graph of y = ax* + bx + c,a # 0, is 
shaped like one of the following curves. Note that each x-intercept 
represents a solution of ax* + bx + c = 0. 


y 
One 
x- es 
Nie Fr AREY - ae dane 


EXAMPLE 10 Find the x-intercepts of the VY y=x?-4x-5 
graph of y = x* — 4x — 5 shown at right. (The 
grid is intentionally not included.) 


To find the x-intercepts, we let y = 0 and 


solve for x: 13. Find the x-intercepts of the 
a ee, x graph shown below. 
0=x*-4x-5 Substituting ua 
piary yHx?+4x-—5 
0 = (x — 5)(x + 1) Factoring 
x-5=0 or x+1=0 Using the principle 


of zero products 


RY 


x=5 or x=—-l. 


The solutions of the equation 0 = x? — 4x — 5 are 5 and —1. Thus the 
x-intercepts of the graph of y = x* — 4x — 5 are (5,0) and (—1,0). We can 
now label them on the graph. 


14. Use only the graph shown below 
to solve 3x — x2 = 0. 


YA 


(-1, 0) (5, 0) 


=I 


Do Exercises 13 and 14. 


Answers 
13. (-5,0),(1,0) 14. 0,3 
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CHAPTER 11 


Calculator Corner 


Solving Quadratic Equations We can solve quadratic equations 
graphically. Consider the equation x* + 2x = 8. First, we must write the equation 
with 0 on one side. To do this, we subtract 8 on both sides of the equation; we get 
x2 + 2x — 8 = 0.Next, we graph y = x2 + 2x — 8 ina window that shows the 
x-intercepts. The standard window works well in this case. 


The solutions of the equation are the values of x for which x? + 2x — 8 = 0. 
These are also the first coordinates of the x-intercepts of the graph. We use the ZERO 
feature from the CALC menu to find these numbers. To find the solution corresponding 
to the leftmost x-intercept, we first press QE << @) to select the Zero feature. 
The prompt “Left Bound?” appears. Next, we use the ©) or the (> key to move the 
cursor to the left of the intercept and press Gg. Now the prompt “Right Bound?” 
appears. Then we move the cursor to the right of the intercept and press Giugp. The 
prompt “Guess?” appears. We move the cursor close to the intercept and press Gag 
again. We now see the cursor positioned at the leftmost x-intercept and the 
coordinates of that point, x = —4, y = 0, are displayed. Thus, x¢ + 2x — 8 = 0 
when x = —4. This is one solution of the equation. 

We can repeat this procedure to find the first coordinate of the other x-intercept. 
We see that x = 2 at that point. Thus the solutions of the equation 
x2 + 2x — 8 = Oare —4 and 2. Note that the x-intercepts of the graph of 
y = x? + 2x — Bare (—4,0) and (2,0). 


y=x*+2x-8 y=x?+2x-8 
10 


Exercises: 
1. Solve each of the equations in Examples 4-8 graphically. 
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READ REVIEW 


(a) Solve using the principle of zero products. 


1. (x + 4)(x + 9) =0 2. (x + 2)(x- 7) =0 3. (x + 3)(x - 8) =0 

4. (x + 6)(x — 8) = 0 8. (x + 12)(x — 11) =0 6. (x — 13)(x + 53) = 0 

7. x(x + 3) = 0 8. y(y + 5) =0 9. 0 = y(y + 18) 

10. 0 = x(x — 19) 11. (2x + 5)(x + 4) =0 12. (2x + 9)(x + 8) =0 

13. (5x + 1)(4x — 12) =0 14, (4x + 9)(14x — 7) = 0 15. (7x — 28)(28x — 7) =0 

16. (13x + 14)(6x — 5) = 0 17. 2x(3x — 2) = 0 18. 55x(8x — 9) = 0 

19. (§ + 2x)(5 — 3x) =0 20. (x — 4)(3x - 38) =0 21. (0.3x — 0.1)(0.05x + 1) = 0 
22. (0.1x + 0.3)(0.4x — 20) = 0 23. 9x(3x — 2)(2x — 1) =0 24, (x + 5)(x — 75)(5x — 1) =0 


(b) Solve by factoring and using the principle of zero products. Remember to check. 


25. x2 + 6x+5=0 26. x2 + 7x+6=0 27. x2 + 7x - 18=0 28. x2 + 4x — 21 =0 
29. x2 — 8x + 15 =0 30. x2 — 9x + 14 =0 31. x2 — 8x = 0 32. x2 — 3x =0 

33. x2 + 18x = 0 34. x2 + 16x = 0 35. x? = 16 36. 100 = x? 

37. 9x2 -4=0 38. 4x2 - 9 = 0 39.0 = 6x + x24+9 40. 0 = 25 + x2 + 10x 
Al. x2 + 16 = 8x 42. 1+ x* = 2x 43, 5x? = 6x 44, 7x? = 8x 

45. 6x? — 4x = 10 46. 3x” — 7x = 20 47. 12y? — 5y = 2 48. 2y2 + 12y = -10 
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49. (3+ 1) =2 50. x(x — 5) = 14 51. 100y* = 49 52. 64a? = 81 
53. x2 — 5x = 18+ 2x 54. 3x2 + 8x =9 4+ 2x 55. 10x2 — 23x + 12 =0 56. 12x27 + 17x —-5 = 0 


Find the x-intercepts of the graph of each equation. (The grids are intentionally not included.) 


57. y 58. y 59. y 
x 
x 
yHx?+3x-4 
y=x*-x-6 y=2x?+x-10 
60. y 61. y y=x?-2x-15 62. YA y=x2+2x-8 
> 
x x x 
y= 2x? + 3x-9 


63. Use the following graph to solve x* — 3x — 4 


RY 


Il 
= 


64. Use the following graph to solve x? + x — 6 = 0. 


882 CHAPTER 11 Polynomials: Factoring 


Copyright © 2012 Pearson Education, Inc. 


65. Use the following graph to solve —x* + 2x + 3 = 0. 
YA 


5|- y= —-x7? + 2x43 
4 


Skill Maintenance 


Translate to an algebraic expression. [7.1b] 


67. The square of the sum of a and b 


Divide. [7.6a, c] 


69. 144 + (-9) 70. —24.3 + 5.4 


Synthesis 


Solve. 


73. b(b + 9) = 4(5 + 2b) 74. y(y + 8) = 16(y — 1) 


25 
768. 27 = 2 =0 


81. Find an equation that has the given numbers as 
solutions. For example, 3 and —2 are solutions of 
x*-x-6=0. 
a) —3,4 
d) 5,-5 


b) —3, -4 c) 
e) 0,0.1,4 


66. Use the following graph to solve —x* — x + 6 = 0. 
VA 


y=-x-x+6 


68. The sum of the squares of a and b 


71.-2+4 72. — 3 + (-2) 


75. (t — 3)* = 36 76. (t — 5)* = 2(5 — f) 


79. 3x2 =5 80. 32x? = 3 


82. Matching. Match each equation in the first column 
with the equivalent equation in the second column. 


x2 + 10x -2=0 4x2 + 8x + 36 =0 
(x — 6)(x + 3) =0 (2x + 8)(2x — 5) = 0 
5x2 -5=0 9x2 — 12x + 24=0 
(2x — 5)(x + 4) =0 (x + 1)(5x — 5) = 0 
x2 + 2x+9=0 x* — 3x -18=0 
3x2 — 4x +8=0 2x2 + 20x -4=0 


lmsa Use a graphing calculator to find the solutions of each equation. Round solutions to the nearest hundredth. 


83. x2 — 9.10x + 15.77 = 0 


85. 0.84x2 — 2.30x = 0 


84. —x2 + 0.63x + 0.22 = 0 


86. 6.4x2 — 8.45x — 94.06 = 0 
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(a) Applied Problems, Quadratic Equations, 
and Factoring 


We can solve problems that translate to quadratic equations using the five 
steps for solving problems. 


! EXAMPLE1 Kitchen Island. Lisa buys a kitchen island with a butcher- 
block top as part of a remodeling project. The top of the island is a rectangle 
that is twice as long as it is wide and that has an area of 800 in?. What are the 
dimensions of the top of the island? 


1. Familiarize. We first make a drawing. Recall that the area of a rectangle 
is Length - Width. We let x = the width of the top, in inches. The length is 
then 2x. 


2. Translate. We reword and translate as follows: 


Rewording: Theareaofthe rectangle is 800 in?. 


y V 


Translating: 242% = 800 


3. Solve. We solve the equation as follows: 


2x -x = 800 
2x? = 800 
1. Dimensions of Picture. A 2x* — 800 = 0 Subtracting 800 to get 0 on one side 


rectangular picture is twice as 
long as it is wide. If the area of 
the picture is 288 in2, what are 2(x — 20)(x + 20) = 0 Factoring a difference of squares 
its dimensions? (x — 20)(x + 20) =0 _ Dividing by 2 


x-20=0 or x+20=0 Using the principle of 
zero products 


2(x2 — 400) =0 Removing a common factor of 2 


x = 20 or x = —20. Solving each equation 


4. Check. The solutions of the equation are 20 and —20. Since the width 
must be positive, —20 cannot be a solution. To check 20 in., we note that 
if the width is 20 in., then the length is 2 - 20 in., or 40 in., and the area is 
20in. - 40 in., or 800 in?. Thus the solution 20 checks. 


5. State. The top is 20 in. wide and 40 in. long. ) 


Answer Do Exercise1. | 


1. Length: 24 in.; width: 12 in. 
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| EXAMPLE 2 Racing Sailboat. The height of a triangular sail on a racing 
sailboat is 9 ft more than the base. The area of the triangle is 110 ft?. Find the 
height and the base of the sail. 
Source: Whitney Gladstone, North Graphics, San Diego, CA 


1. Familiarize. We first make a drawing. If you don’t remember the for- 
mula for the area of a triangle, look it up in the list of formulas at the back 
of this book or in a geometry book. The area is 5 (base) (height). 

We let b = the base of the triangle, in feet. Then b + 9 = the height. 


2. Translate. It helps to reword this problem before translating: 
5 times Base times Height is 110 

yo oyoyov ¥ 4 
2 


b -  (b+9) = 110. 


Rewording: 


Translating: 

3. Solve. We solve the equation as follows: a MnenROne OPA Saale “THe 
triangular mainsail on Stacey’s 

Do (bt 8) = 110 lightning-styled sailboat has an 

area of 125 ft?. The height of the 
sail is 15 ft more than the base. 


—(b* + 9b) = 110 Multiplyin 
2! ) sili Find the height and the base of 
1 the sail. 
2: 3(b? + 9b) = 2-110 Multiplying by 2 
b* + 9b = 220 Simplifying 
b* + 9b — 220 = 220 — 220 Subtracting 220 to get 0 on 
one side 
b* + 9b — 220 =0 
(b — 11)(b + 20) = Factoring 


b-11=0 or b+20=0 Using the principle of zero 
products 


b=11 or b = —20. 
4. Check. The base of a triangle cannot have a negative length, so —20 
cannot be a solution. Suppose the base is 11 ft. The height is 9 ft more 


than the base, so the height is 11 ft + 9 ft, or 20 ft, and the area is 
3(11)(20), or 110 ft?. These numbers check in the original problem. 


5. State. The height is 20 ft and the base is 11 ft. i 


Answer 


Do Exercise 2. 2. Height: 25 ft; base: 10 ft 
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) EXAMPLE 3 Games in a Sports League. 


In a sports league of x teams in 


which each team plays every other team twice, the total number N of games 
to be played is given by 


x2-—x=N. 


Maggie's basketball league plays a total of 240 games. How many teams are in 
the league? 


1 


., 2. Familiarize and Translate. 


We are given that x is the number of 
teams in a league and Nis the number of games. To familiarize yourself 
with this problem, reread Example 4 in Section 10.3 where we first con- 
sidered it. To find the number of teams x in a league in which 240 games 
are played, we substitute 240 for N in the equation: 


x2 — x = 240. Substituting 240 for NV 
3. Solve. We solve the equation as follows: 
x2 — x = 240 
x* — x — 240 = 240 — 240 Subtracting 240 to get 0 
3. Use N = x? — x for each of the on one side 
following. x? —x— 240 =0 
a) Volleyball League. Amy's (x — 16)(x + 15) =0 Factoring 
volleyball league has i er 
lOteammenvEataethe coral x-16=0 or x+15=0 Using the principle of 
number of games to be zero products 
played if each team plays x= 16 or x= -15. 
every other team twice? 
me a iin nee 4. Check. The solutions of the equation are 16 and —15. Since the number 
Se Race ae of teams cannot be negative, —15 cannot be a solution. But 16 checks, 
slow-pitch softball league ; 2 
since 16 16 = 256 — 16 = 240. 
plays a total of 72 games. 
How many teams are in the 5. State. There are 16 teams in the league. } 
league if each team plays 
every other team twice? Do Exercise 3. | 
STUDY TIPS 
FIVE STEPS FOR PROBLEM SOLVING 
Recall the five steps for problem solving that were developed in 
Section 8.6. 
1. Familiarize yourself with the situation. 
a) Carefully read and reread until you understand what you are being 
asked to find. 
b) Draw a diagram or see if there is a formula that applies. 
c) Assign a letter, or variable, to the unknown. 
2. Translate the problem to an equation using the letter or variable. 
3. Solve the equation. 
4. Check the answer in the original wording of the problem. 
5. State the answer to the problem clearly with appropriate units. 
Answer 


3. (a) 342 games; (b) 9 teams 
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! EXAMPLE 4 Marathoners’ Numbers. The product of the numbers of 
two consecutive entrants in a marathon race is 156. Find the numbers. 


1. Familiarize. The numbers are consecutive integers. Recall that consecu- 
tive integers are one unit apart, like 49 and 50, or —6 and —5. Let 
x = the smaller integer; then x + 1 = the larger integer. 


2. Translate. It helps to reword the problem before translating: 


Rewording: Firstinteger times Secondinteger is 156 


y V YY 


Translating: x : (x + 1) = 156. 


3. Solve. We solve the equation as follows: 


x(x + 1) = 156 
x2+x = 156 Multiplying 
x? + x — 156 = 156 — 156 Subtracting 156 to get 0 on 
one side 
x? +x-—156=0 Simplifying 
(x — 12)(x + 13) = 0 Factoring 


4. Page Numbers. The product of 
the page numbers on two facing 
pages of a book is 506. Find the 

= 12 or x= —13. page numbers. 


x-12=0 or x+13=0 Using the principle of 
zero products 


4. Check. The solutions of the equation are 12 and —13. When x is 12, then 
x + lis 13, and 12-13 = 156. The numbers 12 and 13 are consecutive 
integers that are solutions to the problem. When x is —13, then x + lis 
—12, and (—13)(—12) = 156. The numbers —13 and —12 are consecutive 
integers, but they are not solutions of the problem because negative 
numbers are not used as entry numbers. 


5. State. The entry numbers are 12 and 13. , 


Do Exercise 4. 


The Pythagorean Theorem 

The problems that follow involve the Pythagorean theorem, which states a re- 
lationship involving the lengths of the sides of a right triangle. A triangle is a 
right triangle if it has a 90°, or right, angle. The side opposite the 90° angle is 
called the hypotenuse. The other sides are called legs. 


Answer 
4. 22 and 23 
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5. Reach ofaLadder. Twilahasa 
26-ft ladder leaning against her 
house. If the bottom of the 
ladder is 10 ft from the base of 
the house, how high does the 
ladder reach? 


Answer 
5. 24 ft 


THE PYTHAGOREAN THEOREM 


In any right triangle, if a and b are the lengths of the legs and c is the 
length of the hypotenuse, then 


a2 + b% = c?. | 
a 


b 
The symbol I" denotes a 90° angle. 


| EXAMPLE 5 Wood Scaffold. Jonah is building a wood scaffold to use for 
a home improvement project. He designs the scaffold with diagonal braces 
that are 5 ft long and that span a distance of 3 ft. How high does each brace 
reach vertically? 


1. Familiarize. We make a drawing as shown above and let h = the height, 
in feet, to which each brace rises vertically. 


2. Translate. A right triangle is formed, so we can use the Pythagorean 
theorem: 
a*+b*=c 
32 +h? = 52. — Substituting 3 and h for the lengths of the legs and 
5 for the length of the hypotenuse 


2 


3. Solve. We solve the equation as follows: 


32 + h? = 52 
9 + h? = 25 Squaring 3 and 5 
9 + h? — 25 = 25 — 25 Subtracting 25 to get 0 on one side 
h* —- 16 =0 Simplifying 
(h— 4)(h + 4) =0 Factoring 
h-4=0 or h+4=0 Using the principle of zero products 
h=A4 or h=—4, 


4. Check. Since height cannot be negative, —4 cannot be a solution. If the 
height is 4 ft, we have 37 + 47 = 9 + 16 = 25, which is 57. Thus, 4 checks 
and is the solution. 


5. State. Each brace reaches a height of 4 ft. f 


Do Exercise 5. 
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) EXAMPLE 6 Ladder Settings. A ladder of length 13 ft is placed against a 
building in such a way that the distance from the top of the ladder to the 
ground is 7 ft more than the distance from the bottom of the ladder to the 
building. Find both distances. 


1. Familiarize. We first make a drawing. The ladder and the missing 
distances form the hypotenuse and the legs of a right triangle. We let 
x = the length of the side (leg) across the bottom, in feet. Then x + 7 = 
the length of the other side (leg). The hypotenuse has length 13 ft. 


2. Translate. Since a right triangle is formed, we can use the Pythagorean 
theorem: 


a2 + b% = c2 
x? + (x + 7)? = 13%. Substituting 


3. Solve. We solve the equation as follows: 


x? + (x2 + 14x + 49) = 169 Squaring the binomial 
and 13 
2x2 + 14x + 49 = 169 Collecting like terms 
2x2 + 14x + 49 — 169 = 169 — 169 Subtracting 169 to get 0 
on one side 
2x* + 14x — 120 = 0 Simplifying 
2(x* + 7x — 60) =0 Factoring out acommon 
factor 
x? + 7x — 60 =0 Dividing by 2 
(x + 12)(x- 5) =0 Factoring 


x+12=0 or x-5=0 Using the principle of 
zero products 


x=-12 or x=5, 


4. Check. The negative integer —12 cannot be the length of a side. When 
x= 5,x +7 = 12,and5* + 12? = 132. Thus, 5 and 12 check. 


6. Right-Triangle Geometry. 
The length of one leg of a right 

5. State. The distance from the top of the ladder to the ground is 12 ft. The triangle is 1 m longer than the 
distance from the bottom of the ladder to the building is 5 ft. i other. The length of the 

hypotenuse is 5 m. Find the 


Do Exercise 6. lengths of the legs. 


Answer 
6. 3m,4m 
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Translating 
for Success 


1. Angle Measures. The measures of 
the angles of a triangle are three 
consecutive integers. Find the 
measures of the angles. 


6. Cell-Phone Tower. A guy wire on 
a cell-phone tower is 130 ft long 
and is attached to the top of the 
tower. The height of the tower is 


The goal of these matching questions 
is to practice step (2), Translate, of the 


. Rectangle Dimensions. The 
area of a rectangle is 3599 ft?. 

The length is 2 ft longer than the 
width. Find the dimensions of the 
rectangle. 


. Sales Tax. Claire paid $40,704 for 
anew SUV. This included 6% for 
sales tax. How much did the SUV 
cost before tax? 


. Wire Cutting. A180-m wire is cut 
into three pieces. The third piece 
is 2 m longer than the first. The 
second is two-thirds as long as the 
first. How long is each piece? 


. Perimeter. The perimeter of a 
rectangle is 240 ft. The length is 
2 ft greater than the width. Find 
the length and the width. 


five-step problem-solving process. 

Translate each word problem to an 
equation and select a correct trans- 
lation from equations A-O. 


. 2X+xX = 288 

. x(x + 60) = 7021 

- 59 = x- 60 

. x2 + (x + 2) = 3599 

. x? + (x + 70)% = 1302 
6% - x = 40,704 


. 2(x + 2) + 2x = 240 


1 
: p(x — 1) = 1770 


2 
H+ 4x + (x + 2) = 180 


59% - x = 60 
. x + 6%: x = 40,704 
. 2x2 + x = 288 

» x(x + 2) = 3599 


. x2 + 60 = 7021 


. x + (x +1) + (x + 2) = 180 


Answers on page A-27 


70 ft longer than the distance from 
the point on the ground where the 
wire is attached to the bottom of 
the tower. Find the height of the 
tower. 


. Sales Meeting Attendance. PTQ 


Corporation holds a sales meeting 
in Tucson. Of the 60 employees, 59 
of them attend the meeting. What 
percent attend the meeting? 


. Dimensions ofa Pool. A 


rectangular swimming pool is 
twice as long as it is wide. The area 
of the surface is 288 ft?. Find the 
dimensions of the pool. 


. Dimensions of a Triangle. The 


height of a triangle is 1 cm less 
than the length of the base. The 
area of the triangle is 1770 cm2. 
Find the height and the length of 
the base. 


. Width of a Rectangle. The length 


of a rectangle is 60 ft longer than 
the width. Find the width if the 
area of the rectangle is 7021 ft?. 


For Extra Help 


Exercise Set MyMathLab\|y “x: © | a= & 


PRACTICE WATCH DOWNLOAD 


1. Dimensions of a Painting. A rectangular painting is 2. Area ofa Garden. The length ofa rectangular garden 
three times as long as it is wide. The area of the picture is 4 m greater than the width. The area of the garden is 
is 588 in’. Find the dimensions of the painting. 96 m2. Find the length and the width. 


3. Furnishings. A rectangular table in Arlo’s House 4. Design. The screen of the TI-84 Plus graphing calcula- 
of Tunes is six times as long as it is wide. The area of tor is nearly rectangular. The length of the rectangle is 
the table is 24 ft?. Find the length and the width 2 cm more than the width. If the area of the rectangle is 
of the table. 24 cm, find the length and the width. 


5. Dimensions of a Triangle. A triangle is 10 cm wider 6. Dimensions of a Triangle. The height of a triangle is 
than it is tall. The area is 28 cm”. Find the height and 3 cm less than the length of the base. The area of the 
the base. triangle is 35 cm2. Find the height and the length 

of the base. 
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7. Road Design. A triangular traffic island has a base half 8. Dimensions ofa Sail. The height of the jib sail ona 
as long as its height. The island has an area of 64 m?. Lightning sailboat is 5 ft greater than the length of its 
Find the base and the height. “foot.” The area of the sail is 42 ft*. Find the length of the 
foot and the height of the sail. 


Games in a League. Use x* — x = N for Exercises 9-12. 


9. A chess league has 14 teams. What is the total number of 10. A women’s volleyball league has 23 teams. What is the 
games to be played if each team plays every other team total number of games to be played if each team plays 
twice? every other team twice? 


11. Aslow-pitch softball league plays a total of 132 games. 
How many teams are in the league if each team plays 
every other team twice? 


12. A basketball league plays a total of 90 games. How many 
teams are in the league if each team plays every other 
team twice? 


Handshakes. Dr. Benton wants to investigate the potential spread of germs by contact. She knows that the number of 
possible handshakes within a group of x people, assuming each person shakes every other person’s hand only once, is given by 


N = 3(x? — x). 
Use this formula for Exercises 13-16. 


13. There are 100 people at a party. How many handshakes 
are possible? 


14. There are 40 people at a meeting. How many 
handshakes are possible? 
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15. Everyone at a meeting shook hands with each other. 
There were 300 handshakes in all. How many people 
were at the meeting? 


17. Toasting. During a toast at the party celebrating James's 
fourth birthday, there were 190 “clicks” of paper cups. 


How many people took part in the toast? 


19. Consecutive Page Numbers. The product of the page 
numbers on two facing pages of a book is 210. Find the 


page numbers. 


21. The product of two consecutive even integers is 168. 
Find the integers. (See Section 8.6.) 


23. The product of two consecutive odd integers is 255. 
Find the integers. (See Section 8.6.) 


25. Right-Triangle Geometry. The length of one leg ofa 


right triangle is 8 ft. The length of the hypotenuse is 
2 ft longer than the other leg. Find the length of the 
hypotenuse and the other leg. 


16. 


18. 


20. 


22. 


24. 


26. 


Everyone at a party shook hands with each other. There 
were 153 handshakes in all. How many people were at 
the party? 


High-Fives. After the Wildcats won the city baseball 
championship, all the teammates exchanged “high- 
fives.” Altogether there were 66 high-fives. How many 
players were there? 


Consecutive Page Numbers. The product of the page 
numbers on two facing pages of a book is 420. Find the 
page numbers. 


The product of two consecutive even integers is 224. 
Find the integers. (See Section 8.6.) 


The product of two consecutive odd integers is 143. 
Find the integers. (See Section 8.6.) 


Right-Triangle Geometry. The length of one leg ofa 
right triangle is 24 ft. The length of the other leg is 16 ft 
shorter than the hypotenuse. Find the length of the 
hypotenuse and the other leg. 


11.8 Applications of Quadratic Equations 893 


27. Roadway Design. Elliott Street is 24 ft wide when it 
ends at Main Street in Brattleboro, Vermont. A 40-ft long 
diagonal crosswalk allows pedestrians to cross Main 
Street to or from either corner of Elliott Street (see the 
figure). Determine the width of Main Street. 


' ee Lice ish - ae 


yaaa) Sie 


Io ft . Main — 


29. Lookout Tower. The diagonal braces in a lookout tower 
are 15 ft long and span a distance of 12 ft. How high 
does each brace reach vertically? 


31. Architecture. An architect has allocated a rectangular 
space of 264 ft? for a square dining room and a 10-ft 
wide kitchen, as shown in the figure. Find the 
dimensions of each room. 


A Total of 264 sq.ft. 


KITCHEN 


A Residence for Jean Morenz 


894 CHAPTER 11 Polynomials: Factoring 


28. Sailing. The mainsail of a Lightning sailboat is a right 
triangle in which the hypotenuse is called the leech. Ifa 
24-ft tall mainsail has a leech length of 26 ft and if 
Dacron® sailcloth costs $10 per square foot, find the 
cost of anew mainsail. 


30. Aviation. Engine failure forced Geraldine to pilot her 
Cessna 150 to an emergency landing. To land, Geraldine’s 
plane glided 17,000 ft over a 15,000-ft stretch of deserted 
highway. From what altitude did the descent begin? 


32. Guy Wire. The guy wire on a TV antenna is 1 m longer 
than the height of the antenna. If the guy wire is 
anchored 3 m from the foot of the antenna, how tall is 
the antenna? 
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Rocket Launch. A model rocket is launched with an initial 33. After how many seconds will the rocket first reach a 
velocity of 180 ft/sec. Its height h, in feet, after t seconds is height of 464 ft? 
given by the formula 
h = 180¢ — 1627. 
Use this formula for Exercises 33 and 34. 


34. After how many seconds from launching will the rocket 
again be at that same height of 464 ft? (See Exercise 33.) 


35. The sum of the squares of two consecutive odd positive 36. The sum of the squares of two consecutive odd positive 
integers is 74. Find the integers. integers is 130. Find the integers. 


Skill Maintenance 


In each of Exercises 37-44, fill in the blank with the correct term from the given list. Some of the choices may not be used and 
some may be used more than once. 


37. To a polynomial is to express it as a product. quotient rule 
[11.1b] product rule 
slope 
38. A(n) of a polynomial P is a polynomial that can common factor 
be used to express Pas a product. [11.1b] common multiple 
factor 
39. A factorization of a polynomial is an expression that names that x-intercept 
polynomial as a(n) « (Ab) y-intercept 
binomial 
40. When factoring, always look first for a(n) . [11.1b] trinomial 
quotient 
41. The expression —5x* + 8x — 7 is an example of a(n) product 
[10.33] 
42. The asserts that when dividing with 


exponential notation, if the bases are the same, keep the 
base and subtract the exponent of the denominator from 
the exponent of the numerator. [10.1e] 


43. For the graph of the equation 4x — 3y = 12, the pair (0, —4) is 
known as the ——____. [9.2] 


44. For the graph of the equation 4x — 3y = 12, the 
is$. [9.3b] 
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Synthesis 


45. 


47. 


49. 


51. 


Telephone Service. Use the information in the figure 
below to determine the height of the telephone pole. 


<— }x+1—>| 


Pool Sidewalk. Acement walk of constant width is 
built around a 20-ft by 40-ft rectangular pool. The total 
area of the pool and the walk is 1500 ft. Find the width 
of the walk. 


Dimensions of an Open Box. A rectangular piece 

of cardboard is twice as long as it is wide. A 4-cm 
square is cut out of each corner, and the sides are 
turned up to make a box with an open top. The volume 
of the box is 616 cm*. Find the original dimensions of 
the cardboard. 


Dimensions of a Closed Box. The total surface area of 
a closed box is 350 in’. The box is 9 in. high and has a 
square base and lid. Find the length of a side of the 
base. 
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46. Roofing. A square of shingles covers 100 ft” of surface 


area. How many squares will be needed to reshingle the 
roof of the house shown? 


48. Rain-Gutter Design. An open rectangular gutter is 


made by turning up the sides of a piece of metal 20 in. 
wide. The area of the cross-section of the gutter is 50 in?. 
Find the depth of the gutter. 


(SY 


20 in. 


50. Solve for x. 


60 cm x 


. The ones digit of a number less than 100 is 4 greater 


than the tens digit. The sum of the number and the 
product of the digits is 58. Find the number. 
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11 Summary and Review 


( ‘ 
Key Terms and Properties 
greatest common factor (GCF), leading coefficient, p. 831 difference of squares, p. 859 
p. 822 FOIL method, p. 841 quadratic equation, p. 875 
factor, p. 823 ac-method, p. 849 right triangle, p. 887 
factorization, p. 823 trinomial square, or perfect-square hypotenuse, p. 887 
factoring by grouping, p. 827 trinomial, p. 857 legs of a right triangle, p. 887 
Factoring Formulas: A? — B* = (A+ B)(A- B), 


) 

A? + 2AB + B® = (A + B)?, 
A* — 2AB + B? = (A — B)? 

The Principle of Zero Products: An equation ab = 0 is true if and only if a = 0 is true or b = 0 is true, 
or both are true. 


The Pythagorean Theorem: a* + b? = c? c a , 
b 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. Every polynomial with four terms can be factored by grouping. [11.1c] 
2. When factoring x? + 5x + 6, we need consider only positive pairs of factors of 6. [11.2a] 
3. A product is 0 if and only if all the factors are 0. [11.7a] 


4. If the principle of zero products is to be used, one side of the equation must be 0. _[11.7b] 


Important Concepts 


Objective 11.1a Find the greatest common factor, the GCE of monomials. 


Example Find the GCF of 15x*y?, —18x, and 12x3y. Practice Exercise 
loc" =O" 52 ees) 1. Find the GCF of 8x3y2, —20xy3, and 32x2y. 
16x = HI] 2 aBir 3 x; 
12x3y = 2-2-3-x3-y 
Each coefficient has a factor of 3. There are no other 
common prime factors. The GCF of the powers of x is x 
because 1 is the smallest exponent of x. The GCF of the 


powers of y is 1 because 18x has no y-factor. Thus the 
GCF is 3 -x- 1, or 3x. 
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Objective 11.1b Factor polynomials when the terms have a common factor, 
factoring out the greatest common factor. 


Example Factor: 16y4 + 8y? — 24y?. Practice Exercise 
The largest common factor is 8y”. 2. Factor 27x° — 9x° + 18x, factoring out the largest 
16y4 ne 8y3 = 24y2 = (8y?)(2y?) ait (8y2) (y) - (8y2)(3) common factor. 


= 8y?(2y? + y — 3) 
Objective 11.1¢c Factor certain expressions with four terms using factoring by grouping. 


Example Factor 6x? + 4x* — 15x — 10 by grouping. Practice Exercise 

6s2 4x" = 154 = 10 = (ox? + a") + (lox = 10) 3. Factor z3 — 3z? + 4z — 12 by grouping. 
= 2x?(3x + 2) — 5(3x + 2) 
= (3x + 2)(2x* — 5) 


Objective 11.2a Factor trinomials of the type x? + bx + c by examining the constant term c. 


Example Factor: x* — x — 12. Practice Exercise 


Since the constant term, —12, is negative, we look for a 4. Factor: x? + 6x + 8. 
factorization of —12 in which one factor is positive and one 
factor is negative. The sum of the factors must be the 
coefficient of the middle term, —1, so the negative factor 
must have the larger absolute value. The possible pairs of 
factors that meet these criteria are 1, —12 and 2, —6 and 3, —4. 
The numbers we need are 3 and —4: 


2— x -— 12 = (x + 3)(x — 4). 


x 
Objective 11.3a Factor trinomials of the type ax” + bx + c,a # 1, using the FOIL method. 


Example Factor 2y? + 5y? — 3y. Practice Exercise 


1) Factor out the largest common factor, y: 5. Factor: 6z? — 21z — 12. 
y(2y* + 5y — 3). 
Now we factor 2y? + 5y — 3. 
2) Because 2y? factors as 2y - y, we have this possibility 
for a factorization: 
(2y+ )\yt+ ). 
3) There are two pairs of factors of —3 and each can be 
written in two ways: 
3 =3, 1 
and -1,3 1, -3. 
4) From steps (2) and (3), we see that there are 4 possi- 
bilities for factorizations. We look for Outside and Inside 
products for which the sum is the middle term, 5y. We try 


some possibilities and find that the factorization of 
2y? + 5y — 3is (2y — 1)(y + 3). 


We must include the common factor to get a factor- 
ization of the original trinomial: 


By? + by? = ay = yay — 1p + 3). 
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Objective 11.4a Factor trinomials of the type ax? + bx + c,a ¥ 1, using the ac-method. 


Example Factor 5x” + 7x — 6 using the ac-method. 


1) There is no common factor (other than 1 or —1). 


2) Multiply the leading coefficient 5 and the constant, —6: 
5(—6) = —30. 


3) Look for a factorization of —30 in which the sum of the 
factors is the coefficient of the middle term, 7. One number 
will be positive and the other will be negative. Since their 
sum, 7, is positive, the positive number will have the larger 
absolute value. The numbers we need are 10 and —3. 


4) Split the middle term, writing it as a sum or a difference 
using the factors found in step (3): 


7x = 10x — 3x. 
5) Factor by grouping: 
5x? + 7x — 6 = 5x* + 10x — 3x —6 


= 5x(x + 2) — 3(x + 2) 
= (x + 2)(5x — 3). 
(x + 2)(5x — 3) = 5x? + 7x - 6. 


6) Check: 


Objective 11.5b Factor trinomial squares. 


Example Factor: 9x* — 12x + 4. 
9x* — 12x + 4 = (3x)* — 2-3x-2 + 22 
= (3x — 2) 


Objective 11.5d 


Example Factor: b® — b?. 


b® — b? = b*(b4 — 1) 
= b*(b2 + 1)(b2 — 1) 
= b*(b2 + 1)(b + 1)(b—- 1) 


Practice Exercise 


6. Factor 6y? + 7y — 3 using the ac-method. 


Practice Exercise 


7. Factor: 4x2 + 4x + 1. 


Factor differences of squares, being careful to factor completely. 


Practice Exercise 


8. Factor 18x* — 8 completely. 


Objective 11.7b Solve quadratic equations by factoring and then using the principle of zero products. 


Example Solve: x? — 3x = 28. 
x? — 3x = 28 
x? — 3x — 28 = 28 — 28 
x? — 3x — 28 =0 
(x + 4)(x- 7) =0 
x+4=0 
x=-4 or 


or x-—7=0 
x=7 
The solutions are —4 and 7. 


Practice Exercise 


9. Solve: x2 + 4x = 5. 
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Review Exercises 


Find the GCE [11.1a] 21. 9x2 + 25 — 30x 22. 6x? — 28x — 48 
1, —15y?, 25y® 


P 23,37 = 66 29 24, 25? — Te 4 
2. 12x’, —60x“y, 36xy 
Factor completely. [11.6a] 25. 18x? — 12x + 2 26. 3x? — 27 
3.5 — 20x® A, x2 — 3x 
27.15 — 8x + x2 28. 25x? — 20x + 4 
5. 9x2 — 4 6. x2 + 4x - 12 
7.x2 + 14x + 49 8. 6x3 + 12x2 + 3x 29. 49b!° + 4a8 — 28a4b5 30. x°y* + xy— 12 
3 2 Zi 
ee eee res an et 31. 12a2 + 84ab + 147b2 32. m2 + 5m + mt + 5t 
ll. x4 — 81 12. 9x3 + 12x? — 45x 
33. 32x4 — 128y4z4 
13. 2x2 — 50 14. x4 + 4x3 — 2x - 8 
Solve. [11.7a, b] 
34. (x — 1)(x + 3) =0 35. x2 + 2x — 35 =0 
15. 16x* -— 1 16. 8x® — 32x5 + 4x4 
36. x2 + 4x = 0 37. 3x2 +2 = 5x 
17. 75 + 12x2 + 60x 18. x7 +9 
38. x2 = 64 39. 16 = x(x - 6 
19. x2 — x2 — 30x 20. 4x2 — 25 ( ) 
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Find the x-intercepts of the graph of each equation. [11.7b] 
40. y=x?+9x+20 y 


aV 


Al. y y = 2x? —-7x-15 


Solve. [11.8a] 


42. Sharks’ Teeth. Sharks’ teeth are shaped like triangles. 
The height of a tooth of a great white shark is 1 cm 
longer than the base. The area is 15 cm2. Find the height 
and the base. 


43. The product of two consecutive even integers is 288. 
Find the integers. 


44, The product of two consecutive odd integers is 323. 
Find the integers. 


45. Tree Supports. A duckbill-anchor system is used to 
support a newly planted Bradford pear tree. Each cable 
is 5 ft long. The distance from the base of the tree to the 
point on the ground where each cable is anchored is 
1 ft more than the distance from the base of the tree to 
the point where the cable is attached to the tree. Find 
both distances. 


46. If the sides of a square are lengthened by 3 km, the area 
increases to 81 km2. Find the length of a side of the 
original square. 


47. Factor: x* — 9x + 8. Which of the following is one 
factor? [11.2a], [11.6a] 
A. (x + 1) B. ( 
C. (x + 8) D. ( 


1) 
4) 


x- 
x- 


48. Factor 15x? + 5x — 20 completely. Which of the 
following is one factor? [11.3a], [11.4a], [11.6a] 
A. (3x + 4) B. (3x — 4) 
C. (5x — 5) D. (15x + 20) 
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Synthesis 


Solve. [11.8a] 


49. The pages of a book measure 15 cm by 20 cm. Margins 
of equal width surround the printing on each page and 
constitute one-half of the area of the page. Find the 
width of the margins. 


50. The cube of a number is the same as twice the square 
of the number. Find all such numbers. 


51. 


= 


The length of a rectangle is two times its width. When 
the length is increased by 20 in. and the width is de- 
creased by 1 in., the area is 160 in’. Find the original 
length and width. 


Solve. [11.7b] 
52. x2 + 25=0 


55. Find a polynomial in factored form for the shaded 
area in the figure below. Leave the answer in terms 
ofa. [11.1b] 


Understanding Through Discussion and Writing 


1. Gwen factors x3 — 8x? + 15x as (x* — 5x)(x — 3). 
Is she wrong? Why or why not? What advice would you 
offer? [11.2a] 


2. After a test, Josh told a classmate that he was sure he 
had not written any incorrect factorizations. How 
could he be certain? [11.6a] 


3. Kelly factored 16 — 8x + x* as (x — 4)*, while Tony 
factored it as (4 — x). Evaluate each expression for 
several values of x. Then explain why both answers are 
correct. [11.5b] 


4. What is wrong with the following? Explain the correct 
method of solution. [11.7b] 


(x — 3)(x + 4) =8 
x-3=8 or x+4=8 
x=11 or x=A 


5. What is incorrect about solving x* = 3x by dividing 
by x on both sides? [11.7b] 


6. An archaeologist has measuring sticks of 3 ft, 4 ft, 
and_5 ft. Explain how she could draw a 7-ft by 9-ft 
rectangle on a piece of land being excavated. [11.8a] 
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For Extra Help 


Test ya c st Pr Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
o) lest Frep on DVD, in Mymath.ab))) , and on You (search “BittingerDevMath” and click on “Channels”. 


1. Find the GCF: 28x3, 48x7. 


Factor completely. 
2. x2 — 7x + 10 3. x2 + 25 — 10x 4, 6y* — By? + 4y4 
5. x3 + x2 + 2x + 2 6. x? — 5x 7. x3 + 2x2 — 3x 
8. 28x — 48 + 10x? 9. 4x2 - 9 10. x2 — x — 12 
11. 6m + 9m? + 3m 12. 3w? — 75 13. 60x + 45x2 + 20 
14, 3x4 — 48 15. 49x? — 84x + 36 16. 5x* — 26x + 5 
17. x4 + 2x3 — 3x -6 18. 80 — 5x4 19. 6t° + 9t2 — 15¢ 
Solve. 
20. x2 — 3x = 0 Dies 5) 22. x2 - x - 20=0 
BBY, Dut te Wie = 15 al, se = 9) = DBE 


Test: Chapter 11 903 


Find the x-intercepts of the graph of each equation. 


25. VY y=x?-2x-35 


Solve. 


27. The length of a rectangle is 2 m more than the width. 
The area of the rectangle is 48 m?. Find the length and 
the width. 


29. Masonry Corner. Amason wants to be sure he has a 
right angle corner of a building’s foundation. He marks a 
point 3 ft from the corner along one wall and another 
point 4 ft from the corner along the other wall. If the 
corner is a right angle, what should the distance be 
between the two marked points? 


Synthesis 


31. The length ofa rectangle is five times its width. When the 
length is decreased by 3 m and the width is increased by 
2 m, the area of the new rectangle is 60 m7”. Find the 
original length and width. 


33. Solve: 20x(x + 2)(x — 1) = 5x3 — 24x — 14x?2. 
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26. y y=3x?-5x+2 


28. The base ofa triangle is 6 cm greater than twice the height. 


The area is 28 cm2. Find the height and the base. 


30. Factor 2y* — 32 completely. Which of the following is 
one factor? 
AX, (ae 2)) 
C. (y? — 4) 


B. (y + 4) 
D. (2y? + 8) 


32. Factor: (a + 3)* — 2(a + 3) — 35. 


34. Ifx + y = 4andx — y = 6, then x? — y? = which of 
the following? 
AG 2 B. 10 
C. 34 D. 24 
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CHAPTER 


Rational Expressions 


and Equations 


12.1 Multiplying and Simplifying 
Rational Expressions 
12.2 Division and Reciprocals 


12.3 Least Common Multiples 
and Denominators 


12.4 Adding Rational Expressions 
12.5 Subtracting Rational. 
Expressions 
MID-CHAPTER REVIEW 
12.6 Solving Rational Equations 
12.7 Applications Using Rational 
Equations and Proportion 
TRANSLATING FOR SUCCESS 
12.8 Complex Rational 
Expressions 
12.9 Direct Variation and 
Inverse Variation 


SUMMARY AND REVIEW 
TEST 


Real-World Application 


A company that prepares and sells gift boxes and baskets of fruit must order quantities 
of fruit larger than what they need to allow for selecting fruit that meets their quality 
standards. The packing-room supervisor keeps records and notes that approximately 
87 pears from a shipment of 1000 do not meet the company standards. Over the holi- 
days, a shipment of 3200 pears is ordered. How many pears can the company expect 
will not meet the quality required? 


This problem appears as Example 5 in Section 12.7. 


905 


SKILL TO REVIEW 
Objective 2.1e: Simplify fraction 
notation. 


Simplify. 
360 
” 140 


Find all numbers for which the 


rational expression is not defined. 


16 
“x-3 


2% 0. 
"x2 + 5x — 24 


x+5 


3. 
8 


Answers 
Skill to Review: 


Margin Exercises: 
1.3 2. —-8,3 3. None 


(a) Rational Expressions and Replacements 


Rational numbers are quotients of integers. Some examples are 


2 4 -8 563 
3” —5’ 17’ 1 


The following are called rational expressions or fraction expressions. They 
are quotients, or ratios, of polynomials: 


3 Zz 5 t2 + 3t— 10 
4’ 6” x +2’ 7t27 —A4 


A rational expression is also a division. For example, 


3 x- 8 
— means 3+4 and ——— means (x — 8) + (x+ 2). 
4 x%+2 ( pent ) 
Because rational expressions indicate division, we must be careful to 
avoid denominators of zero. When a variable is replaced with a number that 
produces a denominator equal to zero, the rational expression is not defined. 
For example, in the expression 


x— 8 
x +2’ 


when x is replaced with —2, the denominator is 0, and the expression is not 
defined: 


x- 8 2—8 10 
eZ sete 2 0 


. <— Division by 0 is not defined. 


When x is replaced with a number other than —2, such as 3, the expression is 
defined because the denominator is nonzero: 

x-8 3-8 =5 

x+2 3+ 2 5 


EXAMPLE 1 Find all numbers for which the rational expression 
x+A4 
x? — 3x — 10 
is not defined. 

The value of the numerator has no bearing on whether or not a rational 
expression is defined. To determine which numbers make the rational expres- 
sion not defined, we set the denominator equal to 0 and solve: 

x* — 3x - 10=0 
(x — 5)(x + 2) = 0 Factoring 


x-5=0 or x+2=0 Using the principle of zero 
products (See Section 11.7.) 


x=5 or eH = 2, 


The rational expression is not defined for the replacement numbers 5 and —2. 


) 
Do Margin Exercises 1-3. J 
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‘b) Multiplying by 1 
We multiply rational expressions in the same way that we multiply fraction 
notation in arithmetic. For a review, see Section 2.1. We saw there that 


3.2 _3*2 6 
75 7:5 35 


MULTIPLYING RATIONAL EXPRESSIONS 


To multiply rational expressions, multiply numerators and multiply 
denominators: 


A C_ AC 
BD BD 


For example, 
(x — 2)(x + 2) 
3(x + 7) 


x-2 x+2 


_ Multiplying the numerators and 
3 x7 


the denominators 


Note that we leave the numerator, (x — 2)(x + 2), and the denominator, 
3(x + 7), in factored form because it is easier to simplify if we do not multiply. 
In order to learn to simplify, we first need to consider multiplying the rational 
expression by 1. 

Any rational expression with the same numerator and denominator is a 
symbol for 1: 


19 x+8 


3x2 -— 4 -1 
19 x+8 7 


3x2 -—4 =] 


EQUIVALENT EXPRESSIONS 


Expressions that have the same value for all allowable (or meaningful) 
replacements are called equivalent expressions. 


Ls 


, 


We can multiply by 1 to obtain an equivalent expression. At this point, we 
select expressions for 1 arbitrarily. Later, we will have a system for our choices 
when we add and subtract. 


) EXAMPLES Multiply. 


Using the identity property 
of 1. We arbitrarily choose 


2 ge+2 “an+2 2 (3x + 2)2x 


x+1 9 x+1 2x (x+1)2x 
2x/2x as a symbol for 1. 
3, * 2 x+3_ (x + 2)(x + 3) We arbitrarily choose (x + 3)/(x + 3) 
“x-7 x+3  (x-7)(x +3) as a symbol for 1. 
2+x -1 (2+ 2)(-1) ; 
4. i= (2 — x)(-1) Using (—1)/(—1) as a symbol for 1 j 


Do Exercises 4-6. 


Multiply. 


Answers 


(2x + 1)x 


” (8x — 2)x 


(x ~ 8)(-1) 


* (x-y\(-1) 
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Answers 


Cael 


908 


2 
A ee 
36x 


CHAPTER 12 


(c) Simplifying Rational Expressions 


Simplifying rational expressions is similar to simplifying fraction expressions 
in arithmetic. For a review, see Section 2.1. We saw there, for example, that an 
expression like 2 can be simplified as follows: 


1S _ 3-5 Factoring the numerator and the denominator. 
40 8-5 Note the common factor, 5. 
3.5 ’ . ; 
35 Factoring the fraction expression 
3 
oO Toe 
8 5 
_3 Using the identity property of 1, 
8° or “removing a factor of 1” 


Similar steps are followed when simplifying rational expressions: We factor 
and remove a factor of 1, using the fact that 
ab_ab_a a 


-l=—-. 
cb cb ee Cc 


In algebra, instead of simplifying 


is 
40’ 
we may need to simplify an expression like 


x2 — 16 
x+40 


Just as factoring is important in simplifying in arithmetic, so too is it impor- 
tant in simplifying rational expressions. The factoring we use most is the fac- 
toring of polynomials, which we studied in Chapter 11. 

To simplify, we can do the reverse of multiplying. We factor the numera- 
tor and the denominator and “remove” a factor of 1. 


8x? 
EXAMPLE 5 Simplify: ——. 
q plity: ay 
8x? _ 8+xX*xX Factoring the numerator and the denominator. 
24x 3-8-x Note the common factor, 8x. 
ox x 
=a Factoring the rational expression 
4 8x 3 
= 1 ‘ x 8x =] 
3 8x 
x 
= 3 We removed a factor of 1. } 


Do Exercises 7 and 8. | 


Rational Expressions and Equations 


| EXAMPLES Simplify. 


5Sa+15_ 5(a + 3) ; 
6. 10.502 Factoring the numerator and the denominator 
5 at+3 : F ; 
=5° 9 Factoring the rational expression 
+ 
Se 3 oe 1 
2 5 
at+3 : 
= Removing a factor of 1 
6a+12  6(a + 2) ; 
Factoring the numerator and the denominator 
7a+14 7(a+ 2) 
‘as Factoring the rational i 
==: ctorin rational expression 
7 aD actoring the rational exp ) 
6 + 
ee at2_ l 
7 a2 
6 ; 
7 Removing a factor of 1 
6x2 + 4x 2x(3x + 2 
‘i = ( Factoring the numerator and the denominator 
2x- + 2x 2x(x + 1) 
2x 3x +2 muslimeeietet ; 
=—- actoring the rational expression 
PE oe 1 ie 3 
3x + 2 2% 1 
x+1 2% 
3x + 2 : 
= Removing a factor of 1 
4a 


I 


Caution! 


Note that you cannot simplify further by removing the x’s because x is not a 
factor of the entire numerator, 3x + 2, and the entire denominator, x + 1. 


x243x+2 (x + 2)(x+ 1) Factoring the numerator 
x*-1 (x +1)(x—1) and the denominator 
ae Factoring the rational i 
= ; rin rati 
oe actoring the rational expression 
Bn a x+1 
=]: ag 
x1 x+1 
Kok 2 
a Removing a factor of 1 
q= 4 ga factor o i 
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Canceling 


You may have encountered canceling when working with rational expres- 
sions. With great concern, we mention it as a possible way to speed up your 
work. Our concern is that canceling be done with care and understanding. 
Example 9 might have been done faster as follows: 


x2 +3x+2 _ («+ 2)(x+1) Factoring the numerator and the 
x? = 1 (x+1)(x-1) denominator 
(x + 2)(x44y When a factor of 1 is noted, it is 
= came | 
(14+) (x — 1) canceled, as shown: ei =1. 
x+2 
= Simplifvi 
eal implifying 
Caution! 
Simplify. The difficulty with canceling is that it is often applied incorrectly, as in the 
2x2 + x following situations: 
BK a oe x+3_,. #+1_1 _] 
x "  #+2 2 BA 4 
(aie 
10. 5 ~ 2 ; Wrong! Wrong! Wrong! 
- x In each of these situations, the expressions canceled were not factors of 1. 
x +14 Factors are parts of products. For example, in 2 - 3, 2 and 3 are factors, but 
11. 7 in 2 + 3, 2 and 3 are not factors. If you can’t factor, you can’t cancel. If in 
doubt, don’t cancel! 
yo, Lay + 24 
“48 Do Exercises 9-12. 
Opposites in Rational Expressions 
Expressions of the form a — b and b — aare opposites of each other. When 
either of these binomials is multiplied by —1, the result is the other binomial: 
Multiplication by —1 
l(a—b)=—-at+b=b+ (-a)=b-@ reverses the order in 
l(b- a) =-b+a=a+(-b)=a-b. which subtraction 
occurs. 
Consider, for example, 
x—-—A4 
4-x 
Sina ty At first glance, it appears as though the numerator and the denominator do 
ea not have any common factors other than 1. But x — 4and 4 — x are opposites, 
i= 8 or additive inverses, of each other. Thus we can rewrite one as the opposite of 
aos the other by factoring out a —1. 
e=a 
x—-A4 
‘oe ae x—A4 x—A4 I(x — 4) 4—x=-(x — 4);4—xand 
x+7 4—-x (x — 4) ~ 1(x — 4) x — 4are opposites. 
-—4 
a ee i-bS=i 
x—-A4 


> 
= 
PA 
, 8 
r s 
a 
ll 
| 
pa 
= 


tw 
SS 
a 
4 
ies 
| 


eh Tee Tae Sh Do Exercises 13-15. | 
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(d) Multiplying and Simplifying 


We try to simplify after we multiply. That is why we leave the numerator and 


the denominator in factored form. 


2 


3 
' EXAMPLE 11 Multiply and simplify: oe Sa" 


Multiplying the numerators 
and the denominators 


5a3 2 ~——«5a3(2) 
4 5a 4(5a) 


5:a@:a:a:2 Factoring the numerator 


2:2:-5:°a and the denominator 
B-fa-a:a:2 BG 
= Removing a factor of 1: =1 
2-2-B-a 2 
a’ . . . 
Sy Simplifying 


24 + — 2 
) EXAMPLE 12. Multiply and simplify: ~ : Se 
x 


=-4 x+3° 
x2+6x+9 x72 (eo + GeO) = 2) Multiplying the 
x2 — 4 x+3 = (x2 — 4)(x + 3) numerators and the 
denominators 


(x + 3)(x + 3)(x — 2) 
(x + 2)(x — 2)(x + 3) 


Removing a factor of 1: 
+3 
- (14-3) (x )(x-2y (c+ 3)(x — 2) 


CHINN — oa, a! 


and the denominator 


XE S ie any 
era Simplifying b 
Do Exercise 16. 
) EXAMPLE 13. Multiply and simplify: oe, : 
oy ee iG ee 
go. eae 5 (x2 + x= 2)5 Multiplying the 

15 “Ox? = 2441 15(2x2 — 3x + 1) numerators and the 

denominators 

(x + 2)(x — 1)5 Factoring the 


~ 5(3)(x a 1)(2x ~ 1) denominator 


(x + 2)(x-T)B Removing a factor 
" BG)e—te-1) oft, SP =, 
(*— 15 
x+2 
Sa Simplifvi 
3(2x — 1) HADES 
t 
You need not carry out this multiplication. ) 
|__Do Exercise 17. 


Factoring the numerator 


numerator and the 


16. Multiply and simplify: 
Get AO eS 
az-9 a= 2 


17. Multiply and simplify: 


x?-25 3 
6 x+5° 
Answers 
a-2 Kb 
16, eS 
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For Extra Help 


MyMathLab 


= 24 5 
1. = 25> 3. 

2x —8y x= 8 

ee eae 

5. 3 6, 22. | en ee 

2y+5 4x — 15 x? — 3x — 28 

et 7=sx > 27 —4 

sa m 10. 3x es u.~ 

m* — 25 49 — x 3 


(b) Multiply. Do not simplify. Note that in each case you are multiplying by 1. 


4x 3x? Sx? | 6y" 2x x1 
“4x 5y "5x2 324 “2x x+4 
32% =1 R= > SH y+6 y-7 
17. ae 18. — 19, ——_— 
oo a =I ORs =I oF ag yrt2 


8x3 Ax? 
21. 32x 22. 20x 
ey —76x8y3 95, 4x — 12 
* 24x43 “Ax 
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WATCH 


12. 


5a — 40 


DOWNLOAD 


Mai, TG 


PRACTICE 


x2 — 25 
14 


READ 


9 
+ 10 
ag 
a 
x-4 
x—-4 


REVIEW 
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3m* + 3m 


6m* + 9m 


a* — 10a + 21 
* a2 — lla + 28 


6x2 — 54 
* Ax? — 36 


2t2 + 6t+4 
43. 


At? — 12t — 16 


x2 — 2x - 8 
32. ee 


Xo HX = 6 


8x2 — 32 


40. —.———_ 
4x* — 16 


3a* — 9a — 12 


* 6a? + 30a + 24 


12.1 


x2 — 25 
33. 


x7 +1 
“x+1 


x2 — 10x + 25 


x2 + 8x + 16 


34. 
x* — 16 


Ax + 32 


42. .——___ 
x2 + 9x +8 


Multiplying and Simplifying Rational Expressions 


= t- —hp =X 
re ea ag, 2 3 ag. & 50. 
x-—6 B= E b-a —x+y 
ay 6t — 12 ay 5a — 15 4 x2-— 1 og a* — b? 
“2-¢t " 3-a “|l-x * b2 — a2 
d) Multiply and simplify. 
4x3 14 18 5x2 
55, 2*. 14 56, 28 . 5*= 57, 36. 44 
3x x x3 6 d* 6c3 
3x°y 4 +4 2_ 3 t2 = t? — 5t +6 
Bh i 60. 
2 xy3 x x%4+x-12 2-4 t%-3t 
a*-—9 a* — 3a x2+10x-11 x+1 4a2 3a -6 
61. : 62. : 63. : 
a’ a*+a- 12 x*-—1 x+11 3a2 — 12a + 12 2a 
5vut+5 v2-4v+4 t*-16 t24+1 x*—-1 x7+9 
64. : 65. : 66. ——__ :- 
v-2 v2—1 t#-1 t2+4 x4—81 x24+1 
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(x+4)% x24 4x44 (¢-2P g2=of41 
(x + 2)3 x2 + 8x +16 (t-1)3 12 -4¢4+4 


5a — 180 20a + 20 20° = 98 8t+ 8 


69 70. 


“10a2-— 10 2a- 12 4t2—4 16t- 112 
Skill Maintenance 
Graph. 
7 
7l.x+y=-1 [9.2a] 72. y= 5 [9.2b] 
YA 
YA 
5 
4 5 
3 4 
2 3 
1 2 
_ 1 
-5-4-3-2-1,| 12345 9% > 
= ~5-4-3-2-1,[ 12345 x 
a = 
ay, —3 
5 -4 
5 

Solve. 

73. Consecutive Even Integers. The product of two 74. Chemistry. About 5 L of oxygen can be dissolved in 
consecutive even integers is 360. Find the integers. 100 L of water at 0°C. This is 1.6 times the amount that 
[11.8a] can be dissolved in the same volume of water at 20°C. 

How much oxygen can be dissolved in 100 L at 20°C? 
[8.6a] 

Factor. [11.6a] 

75. x* — x — 56 76. a* — 16a + 64 77. x° — 2x4 — 35x53 78. 2y3 — l0y?+y—-5 

79. 16 — t4 80. 10x” + 80x + 70 81. x2 — 9x + 14 82.4° +447 

83. 16x? — 40xy + 25y? 84. a* — 9ab + 14b? 

Synthesis 

Simplify. 

x4 — 16y4 ea UP #—-1 12-9 (t-9) 
85. 3 uf 86. eae 87. : : \ ) 
x ee —a - 
(x? + 4y?)(x — 2y) b? — a? t4-81 ¢t24+1 (t+ 1) 
i (@+ 2) pa ote gH 86 x*—y? x?—- dxyt y? 90, <2 x4-1 a= 11 
“(+1 12 +4¢+4 ¢+2 “(x — y)? x2 — 4xy — 5y? “x24 1 (x- 1)? x4- 2x2 41 


91. Select any number x, multiply by 2, add 5, multiply by 5, subtract 25, and divide by 10. What do you get? Explain how this 
procedure can be used for a number trick. 
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SKILL TO REVIEW 


Objective 11.6a: Factor polynomials. 


Factor. 
1. x2 — 2x 
2. 5y* — lly — 12 


Find the reciprocal. 
@ 
1. > 
Sb 2 = 8) 


There is a similarity between what we do with rational expressions and what 
we do with rational numbers. In fact, after variables have been replaced with 
rational numbers, a rational expression represents a rational number. 


(a) Finding Reciprocals 


Two expressions are reciprocals of each other if their product is 1. The recip- 
rocal of a rational expression is found by interchanging the numerator and 
the denominator. 


| EXAMPLES 
10 | 


10 


) 
2 ) 


2 2-8) 25 
‘ = is =. ( This i a 
1. The reciprocal of 5 85 ( is is because 53 


x+A4 
2x2 — 37 


Ped 
+4 


2 
2. The reciprocal of ~ 


1 
3. The reciprocal of x + 2 is - 


+ 
; (think ofx + 2 as : 
+ 2 


spe ok Do Margin Exercises 1-4. 
2x3 -1 

; (b) Division 
x23 


We divide rational expressions in the same way that we divide fraction nota- 
tion in arithmetic. For a review, see Section 2.2. 


DIVIDING RATIONAL EXPRESSIONS 
To divide by a rational expression, multiply by its reciprocal: 


A._C_A D_AD 


B’D BC. BC 
Then factor and, if possible, simplify. 


3.9 
|! EXAMPLE 4 Divide: ras 
; 2 7 3.9 #3 5 Multiplying by the reciprocal of 
5. Divide: z + 0° 4°5 49 the divisor 
= ane Factorin 
ce a rere . 
Answers 3:5 ; ) 
= R fact fle s= 1] 
Skill to Review: 2°22 233 oer? 3 
lo x(x-— 2) 2. (Sy + 4)(y — 3) 5 
Margin Exercises: = — Simplifying ) 
2 2x3 — 1 1 12 
“7 * y2 45 “x-5 
(gee, 328 Do Exercise 5. | 
7 
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EXAMPLE 5 _ Divide: z + 2 
x Xx 


2.3 = 2 x 
x x x 3 
Dee 23 
x3 £3 
_2 
3 
EXAMPLES Dime ~~ 2" —* 
x+2 x+3 
wel eS XD. eS 
x+2 > x+3 x+2 x-1 


(x + 1)(x + 3) 
x + 2)(x — 1) 


EXAMPLE 7 Divide: gee 
x2—7x x2—-— 49 
4 28x 4 x? — 49 
x2—7x  x2-49 x2-—7x 28x 
4(x? — 49) 


(x2 — 7x) (28x) 
2:2:+(x— 7)(x + 7) 

x(x — 7) 2+2°7°x 
2°2:(x-—7)(x + 7) 

(x= TY 2-2-7 x 


Multiplying by the reciprocal of the divisor 


x 
Removing a factor of 1: es 1 


ji 
Do Exercise 6. 


Multiplying by the reciprocal 
of the divisor 


(— >) 
We usually do not carry 
out the multiplication 
in the numerator or the 
denominator. It is not 
wrong to do so, but the 
factored form is often 
more useful. 


) 
|_ Do Exercise 7. 


Multiplying by the 
reciprocal 


Factoring the numerator 
and the denominator 


Removing a factor of 1: 
22 22e( = 7) 
2:2-(x-7) 


l 
Do Exercise 8. 


7. Divide: 
x-3 x75 
x+5 x-2 


8. Divide: 
a*+5a  a*— 25 
6 sae 


Answers 
5 (x — 3)(x — 2) 3a 


* 3 " (x + 5)(x +5) ae: 
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12.2 Division and Reciprocals 


| EXAMPLE 8 Divide and simplify: ~, 
ae 


STUDYING THE EXAMPLES ged sce 7 


The examples in each section x2—1 x2 -2x4] 
prepare you for success with 


xt+1l x%-2x+1 


the exercise set. Study the step- 


: : ~x2-1 xt] 
by-step solutions. The time you 
spend studying the examples will (x + 1)(x? — 2x + 1) 
save you valuable time when you ~ (x2 — 1)(x + 1) 
do your homework. 
? (x + 1)(x — 1)(x— 1) Factoring the numerator 
~ (x — 1)(x + 1)(x + 1) and the denominator 
= seta aunts a Removing a factor of 1: a = 
(x—-T(x4+-T)(x + 1) * ae Le = a) 
_x-1 
x+1 


| EXAMPLE 9. Divide and simplify: ~ 


x*?-2x-3 x+4+1 


x2-4 x+5 
x= 2h = 3 ees 
x2-—4 Fo aml 
(x? — 2x — 3)(x + 5) 


(x2 — 4)(x + 1) 


+1. x+1 


1 x*-2x4+1 


Multiplying by the reciprocal 


2-2x-3 x+1 


“x+5 x4+5 


aA EES 


Multiplying by the reciprocal 


Factoring the numerator and 
the denominator 
a 


Removing a factor of 1: ree | 


(x - 3)(x + 1)(x + 5) 
~ (x — 2)(x + 2)(x + 1) 
- a (x — 3)(a-+T)(x + 5) 
Benoa Se (x — 2)(x + 2)(n+4) 
4 ( 
( 


x2-5x+6 x+2 


10. : 
spar 5 38 ap 15) 


ley yl 


Pal yar il Do Exercises 9-11. 


11 


Answers 
x-3 (x — 3)(x — 2) ii ytl 
“x+2 . x+2 “y-1 
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+ 5) |< 
+ 2) 


You need not carry out the 
multiplications in the numerator 
and the denominator. 


1 


i For Extra Help 
12.2 |BSGCK Ra mya FS. 


READ REVIEW. 


(a) Find the reciprocal. 


4 + 
1. pe 3. x2 — y? 4.x2—5x+7 
x a-1l 
1 2 24 9x - a—b)at+b 
5. 6. x 7,2 26 =5 a ) ) 
at+b x2-3 x2—4x+7 (a + 4)(a — 5) 
(b) Divide and simplify. 
2 4 3 3 2 8 t t 
(oe 10. — +> ll. + = 12, — + — 
9.5 3 Beer 2 x xX 3 15 
2 2 3 
+ = = + 
gos rf ae a ig ee ee 162 2s 
b2 be y y a-3 a+3 x+9 x-1 
2] +1 4y — 8 -2 +1 +1 
17. ~ ee i, — = Ti fy ew 
x Sil yt+2  y2-4 6 3 a-~b a-b 
5S 5. eS 4y-12 y-3 —-6+3x 4x-8 12 + 4x 6 + 2x 
21. a 22. ee 23. ; 24. 
16 6 12 3 5 25 4 6 
+2 + t— At — 12 2 — x+ x2 + 
ag net ag 8 og, 2 3 Be oe ae = 
a-1 a-5 t+2 t+1 x x+2 x-y x2-y¥? 
2 ~ - 2 _ p2 24 +5 y2- 25 
ig. ee ee Ye Fie aa a cy a 
4x + 12 6 2a 8a3 c2+2c—-3 ctl 2y Ay? 
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ayo = y+ 38 by? — sy +1 


33. : 
2y* + 3y-2 3y?+ 5y-2 


x2-1 2x2 - 4x +2 
“4x+4 ° 8x+8 


35 


Skill Maintenance 


Solve. 


37. Bonnie is taking an astronomy course. In order to 
receive an A, she must average at least 90 after 
four exams. Bonnie scored 96, 98, and 89 on the first 
three tests. Determine (in terms of an inequality) what 
scores on the last test will earn her an A. [8.8b] 


Subtract. [10.4c] 
39. (8x3 — 3x2 + 7) — (8x2 + 3x — 5) 


Simplify. [10.2a, b] 


x? + Qxy + y2-1 


x2+x%-20 x%+ 10x + 25 
34. : 
x? — 7x +12 x* —6x+9 
- 5t2 + 5t— 30 | 2t7 — 8 
“— 10t+ 30 st? + 364 +: 54 


38. Triangle Dimensions. The base of a triangle is 4 in. less 
than twice the height. The area is 35 in’. Find the height 
and the base. [11.8] 


40. (3p* — 6pq + 7q*) — (5p* — 10pq + 11q?) 


a*b* + 3ab2 + 2b? - 


Al. (2x3y4)2 42, (5x6y~4)3 
Synthesis 
Simplify. 

2 — 12b2 3x + 3y + 3 
jg 2 Gray a 


3ab + 4b2 9x 


47. 


- (5a2 + 10a 
x4 + x2 a*b* + 4b4 ( ) 


48. The volume of this rectangular solid is x — 3. What is its height? 
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(a) Least Common Multiples 


To add when denominators are different, we first find a common denominator. 
For a review, see Section 2.3. We saw there, for example, that to add 3 and a 
we first look for the least common multiple, LCM, of 12 and 30. That number 
becomes the least common denominator, LCD. To find the LCM of 12 and 30, 
we factor: 

12=2:-2-3; 

30 =2:3-5. 
The LCM is the number that has 2 as a factor twice, 3 as a factor once, and 5 
as a factor once: 


12 is a factor of the LCM. 


[| 
LCM = 2-2-3: 
| 


30 is a factor of the LCM. 


To find the LCM, use each factor the greatest number of times that it 


appears in any one factorization. 


EXAMPLE 1 Find the LCM of 24 and 36. 
24=2-2-2-3 


| LCM = 2-2-2-3-3,or72 
36 =2-2-3°-3 


) 
[ Do Margin Exercises 1-4. 


(b) Adding Using the LCD 
Let's finish adding 3; and 4: 


5 7 5 7 
+= = ~ : 
12 30 2-2-3 2-+3:5 


The least common denominator, LCD, is 2 - 2 - 3 - 5. To get the LCD in the 
first denominator, we need a 5. To get the LCD in the second denominator, we 
need another 2. We get these numbers by multiplying by forms of 1: 


aa 2 is i : Multiplying by 1 
12° 30 2-2-3 5 2-3°5 2 ee 
25 2 14 Each denominator is 
Pe Pe SeB (98 wh So now the LCD. 
_ 39 Adding the numerators 
22253 95 and keeping the LCD 
= pels Factoring the numerator and 
22298 °5 removing a factor of 1: = 1 
13 
= 20° Simplifying 


SKILL TO REVIEW 
Objectives 1.7a, d: Find all the 
factors of numbers and find prime 
factorizations of numbers. 


Find the prime factorization of each 
number. 


1. 750 2. 364 


Find the LCM by factoring. 
1. 16, 18 


Pp @, 2 
&h A © 


4. 24, 30, 20 


Answers 


Skill to Review: 
1.2-3-5-5-5,0r2-3-58 
2.2-2-7-13,0r2%-7-13 
Margin Exercises: 


1,144 2.12 3.10 4. 120 
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Add, first finding the LCD. Simplify if 
possible. 


3 1 


poate 
IG 18 


Find the LCM. 
9. 12xy2, 15x3y 


10. y2 + 5y +4, y2 + 2y+1 
ili, #2 + 1G, = 2, 7 


1D, oe 4b De 4b il, Bie’ = Bie, ae? = Il 


Answers 
35 1 11 9 

5. 6. 7. 8. 9. 60x3y2 
144 4 10 40 


10. (y+1)*%(y +4) 11. 7(t2 + 16)(t — 2) 
12. 3x(x + 1)2(x - 1) 


fi 


td 


EXAMPLE 2 Add: — + 


12=2-2-3 
LCD = 2-2-3: 3,or36 
18 =2-3°-3 
5 ll 5 .. i 2 15 + 22 37 
1° 18° 3+223 3B Se9ed BO 22S 5.5” 396 : 
Do Exercises 5-8. 


(c) LCMs of Algebraic Expressions 


To find the LCM of two or more algebraic expressions, we factor them. Then 
we use each factor the greatest number of times that it occurs in any one ex- 
pression. In Section 12.4, each LCM will become an LCD used to add rational 
expressions. 


EXAMPLE 3. Find the LCM of 12x, 16y, and 8xyz. 
12x =2-2-:3-x 


l6y = 27292" 2ey 
BxyZ=2+2°2°xKX- YZ 


LOM =2+27°2°2-3:°x%-y-2Z 
= 48xyz } 


EXAMPLE 4 Find the LCM of x2 + 5x — 6and x2 — 1. 
x? + 5x —6 = (x + 6)(x — 1) 
x? -1=(%4+ I(x-1) 


LCM = (x + 6)(x — 1)(x + 1) } 


EXAMPLE 5 Find the LCM of x2 + 4,x + 1, and5. 


These expressions do not share a common factor other than 1, so the 
LCM is their product: 


5(x? + 4)(x + 1). b 


EXAMPLE 6 Find the LCM of x2 — 25 and 2x — 10. 
x? — 25 = (x + 5)(x — 5) 


2x — 10 = 2(x — 5) | LCM = 2(x + 5)(x — 5) 


EXAMPLE 7 Find the LCM of x? — 4y?,x* — 4xy + 4y?, and x — 2y. 
x? — Ay? = (x — 2y)(x + 2y) 
x? — Axy + 4y* = (x — 2y)(x — 2y) 


LCM = (x + 2y)(x — 2y)(x — 2y) 
= (x + 2y)(x — 2y)? 


x—-2y=x- 2y 


Do Exercises 9-12. 
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; For Extra Help q 
12.3 | RQ mymatha |) Sd. 


READ REVIEW 


(a) Find the LCM. 


1. 12,27 2. 10, 15 3. 8, 9 4. 12, 18 5. 6, 9, 21 


6. 8, 36, 40 7. 24, 36, 40 8. 4, 5, 20 9. 10, 100, 500 10. 28, 42, 60 


(b) Add, first finding the LCD. Simplify if possible. 


wo+t 1 + 18. + = 
a ee Cee 
(c) Find the LCM. 

17, 6x", 12%" 18. 2a*b, 8ab* 19. 2x2, 6xy, 18y2 

20. pq, p2q, pq? 21. 2(y — 3), 6(y — 3) 22. 5(m + 2), 15(m + 2) 
23. t, t+ 2, t-2 24.y,y-5,y+5 25.x* — 4, x7 + 5x +6 
26. x2 - 4, x2 -x-2 27. 34+ 4t2 + 4t, t? — 4¢ 28. m* — m2, m> — m? 
29.a+ 1, (a-1)*, a2-1 30. a2 — 2ab + b*, a* — b?, 3a + 3b 
31. m* — 5m + 6, m* —-4m+4+ 4 32. 2x2 + 5x + 2, 2x2 -x-1 

33. 2 + 3x, 4 — 9x2, 2 — 3x 34.9 — 4x2, 3+ 2x, 3 — 2x 

35. 10v2 + 30v, 5v2 + 35v + 60 36. 12a? + 24a, 4a* + 20a + 24 
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37. 9x3 — 9x2 — 18x, 6x° — 24x4 + 24x3 


39. x9 + 4x44 4x3, 3x2 - 12, 2x + 4 


Al. 24w4, w2, 10w, w® 


Skill Maintenance 


Factor. 


43. x2 
46. x2 


{11.6a] 
— 6x+9 


+ 4x — 21 


4A, 6x2 + Ax 


47. x2 + 6x +9 


38. x9 — 4x3, x3 + 4x2 + Ax 
AO. x° + 2x4 + x3, 2x3 — 2x, 5x — 5 


42. t, 6t4, t2, 15), 213 


45. x2 — 9 
48. x2 — Ax — 21 


Complete the table below, finding the LCM, the GCE and the product of each pair of expressions. [10.5a], [11.la], [12.3a] 


EXPRESSIONS SIS PRODUCT 


12%3) 8x2 24x3 96x° 

49. | 40x?, 24x4 

50. | 16x5, 48x6 

51. | 20x, 10x 

52. | 12ab, 16ab? 

53. | 10x2, 24x3 

54. a>, a? 
q y 
Synthesis 


55. Look for a pattern in Exercises 49-54. See if you can 
discover a formula connecting the LCM and the GCE 


924 CHAPTER 12 


Rational Expressions and Equations 


56. Running. Pedro and Maria leave the starting point ofa 
fitness loop at the same time. Pedro jogs a lap in 6 min 
and Maria jogs one in 8 min. Assuming they continue to 
run at the same pace, when will they next meet at the 
starting place? 


Se 
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(a) Adding Rational Expressions 


We add rational expressions as we do rational numbers. 


ADDING RATIONAL EXPRESSI 
LIKE DENOMINATORS 


ONS WITH 


To add when the denominators are the same, add the numerators and 
keep the same denominator. Then simplify if possible. 


| EXAMPLES Add. 


1 x 2 X2 
“xt+1 0 ox4+1 x41 
ax2 + 3x—-7  x2+x—-8 (2x2 + 3x—-7) + (x2 + 4-8) 
ax+1 ax+1 2x +1 
_ 3x2 + 4x — 15 
ax t1 
Factoring the 
_ (x + 3)(3x—5) numerator to 
~ ax+]1 determine whether 
we can simplify 
x-5 2 (x—-5)4+2 4-3 
“x2-9 x2-9 x2-9 x2 -9 
a Factorin 
(x — 3)(x + 3) ° 
(x3) L=s 
= Removing a factor of 1: ——— = 1 
(x—3)(x + 3) ° e— 
1 
= =o Simplifying ) 


| Do Margin Exercises 1-3. 


When denominators are different, we find the least common denomina- 


tor, LCD. The procedure we use follows. 


ADDING RATIONAL EXPRESSI 
DIFFERENT DENOMINATORS 


ONS WITH 


To add rational expressions with different denominators: 


1. Find the LCM of the denominators. This is the least common 


denominator (LCD). 


. For each rational expression, find an equivalent expression with 
the LCD. Multiply by 1 using an expression for 1 made up of factors 
of the LCD that are missing from the original denominator. 


. Add the numerators. Write the sum over the LCD. 


. Simplify if possible. 


12.4 Adding Rational Expressions 


SKILL TO REVIEW 
Objective 2.3a: Add using fraction 
notation. 


Add and simplify. 


Answers 
Skill to Review: 


Margin Exercises: 


yt ass 4 
9 x-2 


6x + 4 
“x-1 


925 


WORKING WITH RATIONAL 
EXPRESSIONS 


The procedures covered in this 
chapter are by their nature rather 
long. It may help to write out lots 
of steps as you do the problems. 
If you have difficulty, consider tak- 
ing a clean sheet of paper and 
starting over. Don't squeeze your 
work into a small amount of 
space. When using lined paper, 
consider using two spaces at a 
time, with the paper's line 
representing the fraction bar. 


3 ) 
+ 


Answers 


4 x(10x + 9) 9x + 10 
: 48 "48x? 
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2 

: 7 

) EXAMPLE 4 Ada: 2 +. 
8 12 


First, we find the LCD: 
B= 27242 


LCD = 2-2-2-3,or24. 
12=2-2:-3 


Compare the factorization 8 = 2-2-2 with the factorization of the LCD, 
24=2-2-2-3. The factor of 24 that is missing from 8 is 3. Compare 
12 =2-2-3and24 = 2-2-2-3.The factor of 24 that is missing from 12 is 2. 

We multiply each term by a symbol for 1 to get the LCD in each expres- 
sion, and then add and, if possible, simplify: 


a. We aes: 
a ae oe ae ee 
_ _5x* 3 7 ~~ 2 ~~ Multiplying by 1 to get 
G92 2 25929 3 the same denominators 
5x2 14x-15x2 4+ 14x = x(15x + 14) 
24 24 24 ~ 24 , ) 
: 3 5 
) EXAMPLE 5 Add: — + —-=. 
8x 12x2 


First, we find the LCD: 
8x =2-2-2-x 
LCD = 2-2-2-3-x-x,or24x2. 
12x2 =2-2-3-x-x 


The factors of the LCD missing from 8x are 3 and x. The factor of the LCD 
missing from 12x? is 2. We multiply each term by 1 to get the LCD in each ex- 
pression, and then add and, if possible, simplify: 


3 5 3 3:x, 5 2 
8x 12x2 Bx 3-x 
9x + 10 
~ 24x2 ° 24x2— 2Ax? j 


12x22 
9x 10 
Do Exercises 4 and 5. 


| EXAMPLE6 Add: —24~ + —! 
a*~-1 att+a 
First, we find the LCD: 
a* -—1= (a= 1)(@+ 1) 
2 LCD = a(a - 1)(a + 1). 
a~+a=a(a+1) 


We multiply each term by 1 to get the LCD in each expression, and then add 
and simplify: 
2a a | 1 a= i 
(a—1)(at+1) a afat+1) a-1 
2a" . a-1 
a(a— 1)(a+ 1) 


a(a— 1)(a+ 1) 
2a7+a-1 
a(a — 1)(a+t 1) 
= (a + 1)(2a ~ 1) Factoring the numerator 
a(a—1)(a+1) inorder to simplify 


Rational Expressions and Equations 


Then 


= aul Sa Removing a factor of 1: aot T 
a(a — 1)(a+) ‘ “a I 
_ 2a-—1 
a(a— 1)" } 
Do Exercise 6. 
Rt 4. = TF 


_ EXAMPLE 7 Add: => a 


First, we find the LCD. It is just the product of the denominators: 
LCD = (x — 2)(x + 5). 
We multiply by 1 to get the LCD in each expression, and then add and simplify: 


x+4 x+5 X77 xX7-2 
x2 re eS Be! 
(x+4)(x+5) (x — 7)(x — 2) 
~ (x—2)(x +5) (x—2)(x +5) 
x7 +9%+20 . x? -9x+ 14 
(x -— 2)(x+5) (x - 2)(x +5) 
x? + 9x + 20+ x2 -9x+14 2x2 + 34 2(x? + 17) 
(x — 2)(x + 5) (x =2)(e+5) (x —2)(%+ 5) 
} 
Do Exercise 7. 
x =5 


. EXAMPLE 8 Add: 


x2+11x+30 x24 9x+ 20° 


x =5 


x2 + 11x+30 x2+9x + 20 


Factoring the denominators in 
order to find the LCD. The LCD is 
(x + 4)(x + 5) + 6), 


x ; —5 
(x +5)(x +6) (x +5)(x + 4) 


x ged =5 e+ Hh 
“G@DG@+6) #4 Geass a6  Medpinghy! 
x(x + 4) + (—5)(x + 6) x? + 4x — 5x — 30 
(x +4)(x+5)(x+6) (x + 4)(x + 5)(x + 6) 
x2 — x —- 30 
~ (x + 4)(x + 5)(x + 6) 
2G -— 6) Always gro: at the end if 
Pa possible: fant 1, 
~ (x + 4)(x + 6) ; 
|_ Do Exercise 8. 


Denominators That Are Opposites 


When one denominator is the opposite of the other, we can first multiply 
either expression by 1 using —1/—1. 


12.4 


6. Add: 
sty 4 
xox) x2 42x47 
7. Add: 
eH 2 . war 7 
x+3 x*4+8° 
8. Add: 
5 . 3 
x2 417x416 x2+9x+8 
Answers 
‘ 4x2 -—x+3 2x2 + 16x +5 
“ae G+ 1? ~~ G+ 3)(e+8) 
‘ 8(x + 11) 
* (x + 16)(x + 1)(x + 8) 
Adding Rational Expressions 927 


Add. 
iG &) 
b= ab 
9 Al =A) 
23g ae II sear 2 
10. 
as = 8 Sy 3 
11. Add: 
ware 5 
[igs 12, 
Answers 
9, ~—5 10. ~—! . =—2x.— 11 
4 x3 3(x + 4)(x — 4) 
928 CHAPTER 12 


EXAMPLES 


3 3. =] - 
9. ; a5 ; os Multiplying by 1 using — 
x. =3 . 
ae oar The denominators are now the same. 
x+(-3) x-3 
2 2 
Ce a a ee ae | We could have chosen 
10. = . to multiply this 
x-2 2-x% x-2 2-%x -1 expression by —1/—1. 
We multiply only one 


expression, not both. 


~ See FRET | Nowe = ei 1) 2 
x2 x-2 =x 2. 
(3x + 4) +(-x+7) 2x41] 

L— 2 x-—2 


Do Exercises 9 and 10. 


Factors That Are Opposites 


Suppose that when we factor to find the LCD, we find factors that are oppo- 
sites. The easiest way to handle this is to first go back and multiply by —1/—1 
appropriately to change factors so that they are not opposites. 


x 3 
EXAMPLE 11 Add: : 
“ x2-—25 10- 2x 


First, we factor to find the LCD: 
x? — 25 = (x — 5)(x + 5); 
10 — 2x = 2(5 — x). 


We note that x — 5 is one factor of x? — 25 and5 — xis one factor of 10 — 2x. 
If the denominator of the second expression were 2x — 10, thenx — 5 would be 
a factor of both denominators. To rewrite the second expression with a denomi- 
nator of 2x — 10, we multiply by 1 using —1/—1, and then continue as before: 


x . 3 . 3-1 
x2—25 10-2x (x—5)(x+5) 10-2x —1 
x -3 
(x -—5)(x+5) 2x —- 10 
x -3 
(x —5)(x+5)  2(x-5) LCD = 2(x — 5)(x +5) 
z 2, 3 xt5 
~ (x — 5)(x + 5) 2° 2(%-—5) “us 
2x 7 3(x + 5) 
~ 2(x — 5)(x + 5) j 2(x — 5)(x + 5) 
24 = 3(x +5) a 
= 2(x = 5)(x + 5) ~ PAG = 5) (x iL 5) 
~ 2(x =a = aN Collecting like terms 


Do Exercise 11. 


Rational Expressions and Equations 


; For Extra Help q 
12.4 | SGC NM mymathab) eS SS. 


READ REVIEW 


(a) Add. Simplify if possible. 


5 3 3 5 il 5 
Lo2+ 2 2, + 2. a. + 
8 8 16 16 SFX Bex 
2 — te _ 
42 +e 4x 5, 3% oA 5 — 8x é 4 a 9 
x2—5x x2-—5x 2x-1 -1+2x x+y ytx 
7.242 9.242 oe 
x x2 y? y 6r id 
1 
rt eee pea fig ieee 
18x 24x xy” xy ab? a*b 
2 1 —4 x + 3x + 
13. = SS eee 15. y y 
936? c2d3—7cd? xy? xy 
- + 2 2 
ig 2 — 2 42s ee 18. re 
c2d cd2 Ke 2D KE? yt+t1l y-1l 
2 
fie ah i a ae a 
x+1 3x Sy y-2 x*-16 x-4 
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28 


31. 


34. 


37. 


40. 


5 2 


+ 23. .———— 
x?—-25 x+5 zt+4 32+ 12 
3 2 8 5 
+ 26. 
go1  (e= 1)? (y+3)* y+3 
9x ; 3X 29 x+A4 x 
"6x — 30° 4x — 20 "x x+4 
4 3 a 1 
z + 5 32. 2 + 5 
a*“-—-a-2 at+4a+3 a“ —2a+1 a“ —5a+A4 
3x 2x a 2a 
+ 35. + 
2y-3 3y-2 a*7-1 a*-a 
@ Pane 
8 -8 - 3 
5 8 20 7% 3x 
— += 41. + 
-—a a x= 6 6-x 
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27. 


30. 


33. 


36. 


39. 


42. 


4a 3a 


5a — 10 10a — 20 


a a-3 
+ 
a-3 a 


G3 aa 
KH 5 eS 


3x + 2 K=2 
+ 
3x + 6 x2 —4 


3 4 
— + — 
t 


26 = 7 6+ 10x 


5x — 8 8 — 5x 
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43. 


46. 


49. 


Sl. 


53. 


55. 


58. 


y 9 t2 4 
+ 4A, + 
Pos: 3-7 f= 2.24 
@=3:., G3 re a* z b2 
a2—25 25-42 “a-b b-a 
x+3 2x-—1  2(3x- 1) 
50. 
x= 5 5-x X= "5 
a(4x +1)  3(x—- 2)  -10x-1 a 
5x-7  7-5x 5x — 7 . 
x+1 4(x — 3) — 1)(x - 3) a4 
(x+3)(x—3) (x—3)(x+3) °° (3 —x)(x + 3) . 
= =. 742 
6 s 4x 56. 2 24 a 
ty y= xe a= a? -9 
+2 3- 
x ae 59. : 
x-7 49 — x2 t@+t-6 7-9 


Pet aa 5 


3(x-— 2) 5(2x+1) 3(x+1) 
2x —3 2x-3 | 3-2x 
5(x-— 2) 2(x-3) 3(5x +1) 
3x — 4 4—3x  4-3x 
2(xt5) | 3x +4 x-5 


(2x—3)(x-1) @x—-3)\1—-x) @-2x)x-1 


4-a a+l1 
. —— + 
25-a* a-5 


57 


10 3a 


60. t 
az 


12.4 Adding Rational Expressions 


—-a-6 a*+4a+4 


931 


Skill Maintenance 


Subtract. [10.4c] 
61. (x2 + x) - (x +1) 


Simplify. [10.2a, b] 


63. (2x4y3)~3 


Graph. 


67. y = sx — 5 [9.1d] 


Solve. 
71. 3x -—7=5x+9 [8.3b] 


68. 2y+x+10=0 [9.1d] 


73. x2 —8x+15=0 [11.7b] 


Synthesis 


Find the perimeter and the area of each figure. 


75. y+4 


Add. Simplify if possible. 


77 5 Az = 
"eg hag 


62. 


65. 


69. 


72. 


74 


y=3 [9.2b] 


-2a+ 8 = 13 - 4a 


. x2 — 7x = 18 


76. 


(Licy 


[8.3b] 


b] 


66. (5x 2y~3)2 


70. x = —5 [9.2b] 


80. Find an expression equivalent to 


a — 3b 
a-—b 


that is a sum of two rational expressions. Answers may 


vary. 
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(a) Subtracting Rational Expressions 


We subtract rational expressions as we do rational numbers. 


SUBTRACTING RATIONAL EXPRESSIONS 
WITH LIKE DENOMINATORS 


To subtract when the denominators are the same, subtract the 
numerators and keep the same denominator. Then simplify if 
possible. 


! EXAMPLE 1. Subtract: é 


SKILL TO REVIEW 
Objective 7.8a: Find an equivalent 
expression for an opposite without 
parentheses, where an expression 

has several terms. 


3 


Find an expression without 
parentheses. 


1. —(3x — 11) 
2. —(—x + 8) 


ae 
+2 x+2° 


soneencnnenns Caution! ------------- 
The parentheses are important 
3x x-2  3x—(x— 2) to make sure that you subtract 
Ar2 £2 AP 2 the entire numerator. : 
Sadepedaecetansenancnsdadesaencedeeneseads Subtract. 
3H XE 2 : ; 
= — Removing parentheses 2 3 
Bae Le ee 
ll oll 
— ax+2  2(x +1) 
x42 x+2 ) 9 2 2 
Y ¥P 
| Do Margin Exercises 1-3. 
Dee Gea 7 pe = 


To subtract rational expressions with different denominators, we use a a ax +1 ox +1 
procedure similar to what we used for addition, except that we subtract 
numerators and write the difference over the LCD. 


SUBTRACTING RATIONAL EXPRESSIONS 
WITH DIFFERENT DENOMINATORS 


To subtract rational expressions with different denominators: 


1. 


Find the LCM of the denominators. This is the least common 
denominator (LCD). 


. For each rational expression, find an equivalent expression with 
the LCD. To do so, multiply by 1 using a symbol for 1 made up of 
factors of the LCD that are missing from the original denominator. 


f ; Answers 
. Subtract the numerators. Write the difference over the LCD. ; ' 
Skill to Review: 
. Simplify if possible. 1. -3x +11 2x-8 
Margin Exercises: 
4 5 (x +1)? 
aT “y “ ax4+1 
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+o eeu 
) EXAMPLE 3° Subtract: “~~ 


4 x+4° 
The LCD = (x — 4)(x + 4). 
KS! eA KE Le 
: : Multiplyi 1 
x-4 x+4 x+4 x-4 iptying by 
(x+ 2)(x+ 4) (x+1)(x- 4) 
(x -A\(xt4) (x-4)(x4+4) 
x2+ 6x +8 x2 -— 3x-4 
(x—4)(x+ 4) (x-4)(x + 4) 
Subtracting this numerator. 
\ Dont forget the parentheses. 
x* + 6x + 8 — (x* — 3x - 4) 
7 (x — 4)(x + 4) 
x2+6x+8-—x24+3x4+4 ; 
Removing parentheses 
(x — 4)(x + 4) 
9x + 12 3(3x + 4) 
4. Subtract: (x-—4)(xn+4) (x -4)(x +4) t 
e= 2 B= Il 
3x 5x Do Exercise 4. 
2 
_ EXAMPLE 4 Subtract: 7 5 ; 
Ko oe EO “Meo Be 2 
x 2 
x? +5x+6 x*+3x+2 
x 2 
= LED el 2 3 
(x+2)(x+3) (x +2)(x+1) ee ie 
x een! 2 wes 
(K+ 2(X+3) 21 W+ 2)(a+ 1) +3 
x2 +x 2x + 6 
(x+ 1)(x+ 2)(x +3) (x +1)(x + 2)(x + 3) 
Subtracting this numerator. 
1 ) Dont forget the parentheses. 
x? + x — (2x + 6) 
~ (x + 1)(x + 2)(x + 3) 
x7 +x—-—2x-6 x27-x-6 
(x+ 1)(x+ 2)(x+ 3) (x + 1)(x + 2)(x + 3) 
(x + 2)(x — 3) 
~ (x + 1)(x + 2)(x + 3) 
(14-2) (x — 3) Simplifying by removing a factor 
(e+ G42 +3) oft: 7S = 
5. Subtract: _ x—3 
fe 6 (x + 1)(x + 3) l 
x? +15x+56 x%+ 13x + 42° : 
Do Exercise 5. 
Rosie Denominators That Are Opposites 
= ae x2 — 48 When one denominator is the opposite of the other, we can first multiply one 
15x ” (x + 7)(x + 8)(x + 6) expression by —1/—1 to obtain a common denominator. 
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) EXAMPLE 5. Subtract: . ey 


=o 
x 3x-4 = xX 3x-4 — hci iad Sf 
5 5.5 5 = ultiplying by 1 using — 
zea 4) This is equal to 1 
5 (=5)(=1) (not —1). 
_—x 43x 
5 5 
x — (4 — 3x) 
a Remember the parentheses! 
x-4+3x 4x-4 4(x-1) 
7 5 a: en: 
5 2y—-3 
|) EXAMPLE 6 Subtract; —”— - 2, 
y-5 5-y 


Sy 2y—3 Sy 2y—-3 —-1l 
y= 5 5-y y-5 5 yo Sh 
__5y (2y — 3)(-1) 
y-5  (5— y)(-1) 


Sy 3 — 2y 
Yous yo) 
by = (3.2 
= eee Remember the parentheses! Subtract. 
y-s5 = 
a8 Yael 
sy -3+2y 7y-3 os ees 
y= 5 Uy 5 
7 3x x3 
Do Exercises 6 and 7. “x-2 2-x 


Factors That Are Opposites 

Suppose that when we factor to find the LCD, we find factors that are oppo- 
sites. Then we multiply by —1/—1 appropriately to change factors so that they 
are not opposites. 


|) EXAMPLE 7 Subtract: —? a 
64-p2 p-8 
Factoring 64 — p?, we get (8 — p)(8 + p). Note that the factors 8 — pin 
the first denominator and p — 8 in the second denominator are opposites. 
We multiply the first expression by —1/—1 to avoid this situation. Then we 
proceed as before. 


p 5 p af 5 
64—p2 p-8 64—-p2 -1 p-—B 
_ 5 
— p*—-64 p-8 
5 F 
~~ H(pe 8) p-B OP NPD) 
—p 5 p+8 
- (p—8)(p+8) p-8 p+8 Beers 
ga’ ae 
3 KD 
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8. Subtract: 


Y 7 
16-y* y-4 


9. Perform the indicated 
operations and simplify: 
se aP 2 ae Ons 
x2-9 Q9- x2 


10. Perform the indicated 
operations and simplify: 


1 5 DX 


Sie cee 


Answers 
—A(2y + 7) x- 13 
“(y+4yy-4) (x + 3)(x- 3) 
2(3x2 — x — 1) 
10, ————__ 
3x(x + 1) 


x2 -— 9 


Multiplying, we have 
—p 5p + 40 
(p— 8)(p+8) (p— 8)(p + 8) 


Subtracting this numerator. 
i A) Dont forget the parentheses. 


—p — (5p + 40) 
(p — 8)(p + 8) 
—p-—5p-— 40 —6p — 40 —2(3p + 20) 


— (p—8)(p+8) (p-8)(p+8) (p-8)(p+8)” 


Do Exercise 8. 


(b) Combined Additions and Subtractions 


Now let’s look at some combined additions and subtractions. 


' EXAMPLE 8 Perform the indicated operations and simplify: 


x+9 57x 2+x 
x2—-4° 4—-x2 42-4" 


KEY 5 =X 2+Xx 

x2-4 4-x% x%-4 

x+9 5X 1 2+ x 

x2-4  4-x2 -1 x24 

x+9 x-5 2+x (x+9)+(x-5)-(2+x) 


~ x2-4 x2-4 x2-4 x2-—4 
x+9+x-5-2-x x+2 (x4+2)-1 1 
x2-4 x2-4 (x+2)(x-2) x-2 


Do Exercise 9. J 


' EXAMPLE 9 Perform the indicated operations and simplify: 


TheLCD = x- x(x + 1), orx2(x + 1). 
1 eo) 1 (e+ 1) 2 x2 
x x(xt1l) x2 (x+1) x41 x? 
x(x + 1) xt1 ax? 


— x2(xt 1) x2(x+ 1) x2(x +1) 


Subtracting this numerator. 
Dont forget the parentheses. 
x(x +1) — (x + 1) + 2x2 
x2(x + 1) 
x27+x—-x-—1+ 2x? 
x?(x + 1) 
3x2 -— 1 
x?(x + 1) 


Do Exercise 10. 
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For Extra Help 


12.5 | BSG mymathlab 


mig WG  & 


PRACTICE WATCH DOWNLOAD READ REVIEW 


(a) Subtract. Simplify if possible. 


%. 33 5- 8 4 
1—- = ) a 
x Xx aa y-4 y-4 
12 25 2x - 3 x-—7 x+1 5 — 3x 
4. _ 5. 6. 
t+5 £¢+5 x2+3x-4 x2+3x-4 x2-2x+1 x2 -2x4+1 
=a +1 +3 =4 Hie = 
7,4 _@a 3. J _Yy 9, @ 9 3z 8 
10 5 2 4 3z Az 
_ ae + = 5x + 3 3x +4 
10. a 1 2a+ 3 11. 4x + 2t 5x —- 3t 12. Vy y 
4a a 3xt2 xt 2x2y xy? 
5 3 3t 8t 3 5 
13. _ 14, —— — 15. 
oaks x-5 t-1 t+1 5 592 — oF 2t— 2 
11 8 2s S 3 2 
16. a 17. _ 18. 
x2-4 x+2 12-52 t-—s W+tx—-x2 x2-9 
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yrs 3y- 1 3x-2 3x+t+1 


19. ——— - 20. 
y Ay 4x 6x 
a a 11 5 
22. - 23. — — ~~ 
a-—-b a+b 6 -—6 
5 8 8 3 
25. — 26. — — — 
a ~4 x  —-Xx 
5 3 3 =k 24 —5 
28. = 29. = 
a-2 2-a G7 
31 a-2 6-—a 30 x-—8 x-— 8 
az2-25 25- a2 “x2-16 16-x? 
ag 28-6 = ae 35. 5x _ 4 
x= 5 5x x*7=-9 3-x 
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37 38. 
2t2-2t 2t-2 5a*-5a 5a-—5 
x 2 a 5 
. 40. 
x2@+5x+6 x2+3x4+2 a*+lla+30 a*+9a+ 20 


b Perform the indicated operations and simplify. 


3(2x +5)  3(2x- 3) 6x-1 a-2b 3a-3b , 2a-—b 
Al. + 42. + 
x-1 l=<x be | b-a a-—b a-—b 
a X-y | x+y 2x re x7 3y . xty 2x — 2y 
ee ae ae "2y— x)" aay) 2a-y) 
fis 2(x-—1) 3(x+2) y-4] is 5(2y+ 1) 3(y-1) 3(y- 2) 
* 2x - 3 2x-3 3-2x * 2y-3 3-2y 2y-3 
10 6 y y-4 (x + 1)(2x — 1) (x= 3) (e+) (2x + 1)(x + 3) 
47. + + 48. + 
2y-1 1-2y 2-1 1-2y (2x — 3)(x- 3) (3-—x)(3- 2x) (3 — 2x)(x — 3) 
a+6 G3. a3 At 2 2 
yo @ at2 2-4 mrt. aed 
2Z 3Z 3 1 2X 1 
Sl. + 52. + 
1-—2z 2z¢+1 42-1 x-y x%*-y* x+y 
ee i, oe 54, 22 ee. 
“x+y x-y x2-¥? “@2—p2 a+b a-b 
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Skill Maintenance 


Simplify. 
8 
55.~5 [10.le] 56. 3x4-10x® [10.1d] 57. (a2b-5)-4 _[10.2a, b] 
x 
4 10 2 
5a nl 59, ete 60. 5x~7 - 2x4 [10.1d! 
nt 11x 
Solve. [8.3b] 
4 1 3 
. t = «20% + 15.5 = 0.5 + 
61 7 3x a* 4 62. 2.5x + 15.5 = 0.5 + 4x 
Find a polynomial for the shaded area of each figure. [10.4d] 
63. 6 64. 
3 
- 
Synthesis 
Perform the indicated operations and simplify. 
+ + Z 
65. 2 ll 3 , 2x 1 3 66. x 2x 
x-3 x+4 44+x 3-x 3x2 -—5x-2 3x+1 x-2 
2 + 
ce “4-(4) es. (—4 2 \(=2 _ 2a 7) 
ay x+y a-b a+t+b/\3a+b_ ga? — b2 


69. The perimeter of the following right triangle is 2a + 5. 
Find the length of the missing side and the area. 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
= = 3) 
is : 
LO LU tea) 
2. The value of the numerator has no bearing on whether or not a 
rational expression is defined. [12.1a] 


1. The reciprocal of [12.2a] 


3. To add or subtract rational expressions when the denominators are 
the same, add or subtract the numerators and keep the same 
denominator. [12.4a], [12.5a] 


x(x = 2) 
4. For the rational expression ee is a factor of the numerator and 


a factor of the denominator. [12.1c] 


5. To find the LCM, use each factor the greatest number of times that it 
appears in any one factorization. [12.3a, c] 


Guided Solutions 


Fill in each blank with the number or expression that creates a correct solution. 
sl Bese Il Se — (6) 
6. Subtract: ; 
x-2 x+2 4- x2 
Mel “tL x68 XT xe xX 
x-2 x+2 4-x% x-2 x+2 4-2 
meee xa oO 


[12.5b] 


te Caste) —A 
Ge ell 6% 

x-2 x+2 (x-(])((L]+ 2) 

Gaal x+1 [] 6k 
=. eo (x — 2)(x + 2) 
x2+[]-2 []-x-2 6-x 
B= (ora 2) (a= Dieu Ah (a Aaa 2) 
_x*+x—-(]- x74 LD = me 

(Ge = 2)Ge sr 2) 

~ (x — 2)(x + 2) 
em: 

(= 2) (gs 2) x+2 


Mixed Review 


Find all numbers for which the rational expression is not defined. [12.1a] 


t2 — 16 =78 7 
4. — 


7. ee 9. 
3 eo log 24 20 


Simplify. [12.1c] 


Q - 6y? + 12y — 48 - 
ee tie ee ee 1 
ee Sy = Oy. 6 s-r 


Mid-Chapter Review: Chapter 12 


941 


13. Find the reciprocal of —x + 3. [12.2a] 


Add, subtract, multiply, or divide and simplify if possible. 


Be =e) a) 
ig 2 A 4 obi 


az-a-6 2a+a? 
x2 121 
17. 12.4 
Ce Wee 
8a — D + 2b 
19. ~4 a (12.4a] 


+ 
a2b ab? 


14. Find the LCM of 
x2 — 100, 10x°, and x2 — 20x + 100. [12.3c] 


3y 2y 
16. ) 7 [12.5a] 
Vo = Ty 10 ya By 15 
oe 2 
18. ee a : [12.1d] 
(e=y)? x+y 
DIG 3) 4 
20. 12.5b 
Go Sw se ae sk I 


Matching. Perform the indicated operation and simplify. Then select the correct answer from selections A-G listed in the 


secondcolumn. [12.1d], [12.2b], [12.4a], [12.5a] 


je ee Fe ae 
B62 sears} (22) (ce 3) 
1 2 se 
De = 1 ere 
Beap S) ee 2(xe-eS) 
2, 1 2 
23. = 5 
ee: Geo) e (= 2) (523) 
1 2 Mao 
24. 7 D. 
EX) Xe) (Ge ANGe sr 3) 
2 1 2 (Xia 
25. E. Gi) 
50 sear 8) =D 
Z. 1 
26. ‘ E 3x + 4 
a2 eS (Ge= 2iGese s)) 
22 ar 38) 
GD 


Understanding Through Discussion and Writing 


27. Explain why the product of two numbers is not always 
their least common multiple. [12.3a] 


29. A student insists on finding a common denominator 
by always multiplying the denominators of the expres- 
sions being added. How could this approach be 
improved? [12.4a] 


31. Explain why 5, —1, and 7 are not allowable replacements 
in the division 
see) ee 
fee. te 


[12.1lal], [12.2a, b] 
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28. Is the reciprocal of a product the product of the reciprocals? 
Why or why not? [12.2a] 


30. Explain why the expressions 
1 


aoe andl 
Ey ae 


are opposites. [12.4a] 
32. If the LCM of a binomial and a trinomial is the 


trinomial, what relationship exists between the two 
expressions? [12.3c] 
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(a) Rational Equations 


In Sections 12.1-12.5, we studied operations with rational expressions. These 
expressions have no equals signs. We can add, subtract, multiply, or divide 
and simplify expressions, but we cannot solve if there are no equals signs— 
as, for example, in 


x2+6x+9 x-2 xty x+y a+3 5 
. , as » an + i 
x?-4 xt 3 x—~y nx? —y? a — 16 » 12 ~ 3a 
Operation signs occur. There are no equals signs! 


Most often, the result of our calculation is another rational expression that 
has not been cleared of fractions. 

Equations do have equals signs, and we can clear them of fractions as we 
did in Section 8.3. A rational, or fraction, equation, is an equation contain- 
ing one or more rational expressions. Here are some examples: 


x 6 a” 1 

-= x+—=-5, and = : 
9 x x- 1 px 1 
There are equals signs as well as operation signs. 


SOLVING RATIONAL EQUATIONS 


To solve a rational equation, the first step is to clear the equation of 


fractions. To do this, multiply all terms on both sides of the equation by 
the LCM of all the denominators. Then carry out the equation-solving 
process as we learned it in Chapters 8 and 11. 


When clearing an equation of fractions, we use the terminology LCM in- 
stead of LCD because we are not adding or subtracting rational expressions. 
2 5 x 
EXAMPLE 1 Ive: = + ===. 
M Solve a Ee 
The LCM of all denominators is 2 - 3 - 3, or 18. We multiply all terms on 
both sides by 18: 


2 
18(2 + 5 =18- : Multiplying by the LCM on both sides 
18 2 su ie, oS _ ig-~ Multiplying each term by the LCM to 
3 6 9 remove parentheses 
12+ 15 = 2x Simplifying. Note that we have now 
cleared fractions. 
27 = 2x 
5 : 
27 
The solution is —. 
e solution is ) 


| Do Margin Exercise 1. 


12.6 


SKILL TO REVIEW 
Objective 8.3b: Solve equations in 
which like terms may need to be 
collected. 


Solve. Clear fractions first. 


We are introducing a new use 

of the LCM in this section. 

We previously used the LCM in 
adding or subtracting rational 
expressions. Now we have equa- 
tions with equals signs. We clear 
fractions by multiplying by the 
LCM on both sides of the 
equation. This eliminates the 
denominators. Do not make 

the mistake of trying to clear 
fractions when you do not have 
an equation. 


Answers 
Skill to Review: 


Margin Exercise: 
33 

Le 
2 
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V4 . . \ x x dl 
(3X Algebraic-Graphical \ !' EXAMPLE 2 Solve: @- 2 =—7. 


\ H } 
XQ Connection ee, The LCM is 24. We multiply all terms on both sides by 24: 
We can obtain a visual check of x x 1 
the solutions of a rational equa- 6 8 12 
tion by graphing. For example, yo ¢ if 
consider the equation 2a( 6 = = 24- 12 Multiplying by the LCM on both sides 
~42=6 4. Rh. 2 SM. : Multiplying to remove parentheses 
We can examine the solution by Be sure to multiply each 
graphing the equations term by the LCM. 
x Xx 4x — 3x = 2 Simplifying 
=o4 = 
ane oak aak x=2 
using the same set of axes. 
et a 
¥s i 6 8 12 
cali | 
6 8 | 12 
De 
3 4 
2a 
12 12 
12 3 4 5 6 7 8 9 10 ae es 
. 12 TRUE 
This checks, so the solution is 2. ) 
The first coordinate of the 
point of intersection of the etka, 
graphs is the value of x for which EAR ON x 4-x 
i a . = 6, so it is the solution of The LCM is x(4 — x). We multiply all terms on both sides by x(4 — x): 
the equation. It appears from the ee 
graph that when x = 8, the value x 4-Xx 
of x/4 + x/2 is 6. We can check 1 or: 
by substitution: x(4—x)- a a= xX)* ie Multiplying by the LCM on both sides 
Cis oa ema 4-x=xXx Simplifying 
4 2 4 2 4 = 2x 
Thus the solution is 8 x= 2. 
Vw, 
a 1 1 
Check: Pie ee 
Solve. a = 
pee 1) _1 
E 4 6 8 2 4-2 
z 
3. eee 2 TRUE 
EG = 5 
This checks, so the solution is 2. \ 
Do Exercises 2 and 3. J 
Answers 
ee. 64 


"2 
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' EXAMPLE 4 Solve: = + Be 10. 
3x x 
The LCM is 3x. We multiply all terms on both sides by 3x: 
245-10 
3x Xx 
2 i ee F 
ax( 2 + *) = 3x- 10 Multiplying by the LCM on both sides i ; 
4, Soles = sr = = =112,, 
2 1 PxG Be 
3x: re + 3X" 3x - 10 Multiplying to remove parentheses 
2+ 3 = 30x Simplifying 
5 = 30x 
a en CHECKING POSSIBLE 
30 SOLUTIONS 
1. When we multiply by the LCM 
s on both sides of an equation, the 


i resulting equation might have 
solutions that are not solutions 
of the original equation. Thus 

_ Do Exercise 4. we must always check possible 
solutions in the original 
equation. 


The check is left to the student. The solution is ¢. 


| EXAMPLE 5. Solve: x + oe =D: 
2 1. Ifyou have carried out all 


The LCM is x. We multiply all terms on both sides by x: algebraic procedures 
6 correctly, you need only 
x + = —5 check if a number makes 
a denominator 0 in the 
(2 + S) = x-+(—5) Multiplying by x on both sides original eqnanen fit does 
x make a denominator 0, it is 
ae Note that each rational expression not a solution. 
ina # x ~ - on the left is now multiplied by x. 2. To be sure that no computa- 
g2 R= may Simplifying tional errors have been 
x* + 5x+6=0 Adding 5x to get a 0 on one side ee ee amaet 
have a solution, a complete 
(x + 3)(x + 2) = Factoring check is necessary, as we did 
x+3=0 or x+2=0 Using the principle of zero products in Chapter 8. 
x=-3 or x= -2 
Check: For —3: For —2: 


TRUE TRUE 


Both of these check, so there are two solutions, —3 and —2. ) 


Do Exercise 5. 


Il 
R, Soles e+ = = 2, 
a 


Answers 


ape ee 
73 . 
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Calculator Corner 


Checking Solutions of 
Rational Equations Consider 
the equation in Example 6 and the 
possible solutions that were found, 
land —1. To check these solutions, 
we enter y, = x*/(x — 1) and 
Yo = 1/(x — 1) onthe equation-editor 
screen. Then, with a table set in Ask 
mode, we enter x = 1. The ERROR 
messages indicate that 1 is not a 
solution. 

Next, we enter x = —1. Since yj 
and y2 have the same value, we know 
that the equation is true when x = —1, 
and thus —1is a solution. 

y= x7/(x — 1), 
Vy = U(x - VY 
xX YA Y2 


1 ERROR | ERROR 
== aD =e) 


Exercises: Use a graphing calculator 
to check the possible solutions in each 
of the following. 


1. Examples 1, 3,5, and7 
2. Margin Exercises 1, 3, 6, and 7 


Sig / 
Solve. 
c ne! 
“x+2 x+2 
4 1 26 
Uo | = 
x-2 x+2 y2-4 
Answers 
6.2 7.4 
946 CHAPTER 12 


Example 6 illustrates the importance of checking all possible solutions. 
fl 

-l x-1 

The LCM is x — 1. We multiply all terms on both sides by x — 1: 


_ EXAMPLE 6 Solve: F 


a7 1 
x 1 7 Bite 
o eae =? yt ihe lll lon 
fo Simplifying 
x2-1=0 Subtracting 1 to get a0 on 
one side 
(x-— 1)(x+1)=0 Factoring 
x-1=0 or x+1=0 Using the principle of zero 
products 
x=1 or x=-l1. 
The numbers | and —1 are possible solutions. 
Check: For 1: For —1 
aad 1 x? 1 
x-1 x-1 x-1l x-1 
ae (-1)2 2 1 
Ped L=1 (<1) =1 | (-1)=-1 
1/1 1 1 
0lo NOT DEFINED “9 | 2 TRUE 


We look at the original equation and see that 1 makes a denominator 0 


and is therefore not a solution. The number —1 checks and is a solution. 
k 


_ EXAMPLE 7 Solve: 2 Di cael” ; 
4-5 x+5 72-25 
The LCM is (x — 5)(x + 5). We multiply all terms on both sides by 
(x — 5)(x + 5): 


3 1 2 
- + = + 5)| =—— 
Ce \(; —5  x+ 5) il Je z ) 
Multiplying by the LCM on both sides 


3 1 
a | Sal. ree lk daa Maverer = BRS Ee So ae 
3(x + 5) + (x - 5) =2 Simplifying 
3x+15+x-5=2 Removing parentheses 
4x + 10=2 
4x = -8 
x= -2., 


The check is left to the student. The number —2 checks and is the solution. 


Do Exercises 6 and 7. 


Rational Expressions and Equations 


ARE YOU CALCULATING OR SOLVING? 


One of the common difficulties with this chapter is knowing for sure the 
task at hand. Are you combining expressions using operations to get 
another rational expression, or are you solving equations for which the 
results are numbers that are solutions of an equation? To learn to make 
these decisions, complete the following list by writing in the blank the type 
of answer you should get: “Rational expression” or “Solutions.” You need 
not complete the mathematical operations. 


ANSWER 


(Just write “Rational 
expression” or “Solutions.") 


4 
ils ANokele ———= aE : 
oe, ip ar 2 


4 
2. Solve: = 
— 


4 il 
ab Suloiace —— === : 
= 2B sear 2 


1 
4. Multiply: ——— - ; 
tg ao ae ae ap 2 
4 1 
5. Divide: + 
ool Gre a) fear 2 
4 1 26 
6. Solve: | 


PED 2D PL 


7. Perform the indicated operations and 
1 26 


CEQ eo 


4 
simplify: Tae 


8. Solve: a 
se = Il 


2 
9. Solve: = + ; 
=2B yp=s ps 


6 4 x* +16 
10. Solve: = A 
x+4 x-4 yx2-16 


11. Perform the indicated operations and 


x 4 x2 +16 
simplify: : 
LB aor x-4 x2-16 


5 
12. Solve: =]. 
Y 


13. Add: + ole 
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948 


CHAPTER 12 


3.44 x 
~-tro=— 
ae 5 “20 

1 1 8 
8 —=-—-— 

x 8 5 


4 
Ihe te 5 
x 


Rational Expressions and Equations 


1 
ip = % 
x 
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31. = 
B= 5 G5 
2 5 
33. =— 
KAe3 x 
CH 2 Dae 
35. = 


“8-a a-8 
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x 1 KES 
45. ——_ = 
x+2 x+4 
a+ 13 
47. 4a - 3 = 
at+1 


Skill Maintenance 


In each of Exercises 51-58, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


51. A rational expression is a(n) of two 
polynomials. [12.1a] 


52. A factor of a polynomial P is a polynomial that can be used to 


express P as a(n) . [11.1a] 


53. Two expressions are 
productis1. [7.6b] 


54, When 
greatest common factor. [11.1b] 


55. To find the LCM, use each factor the 
times that it appears in any one factorization. [12.3a] 


56. When solving rational equations, always check a possible solution 


to see if it makes a denominator 0. If it does, it is 
asolution. [12.6a] 


57. The quotient rule asserts that when dividing with exponential 


notation, if the bases are the same, keep the base and 


exponent of the numerator. [10.1e] 


58. Two expressions are of each other if their 
sumis0. [7.3b] 
Synthesis 
Solve. 
ms Dae | 2x 
59. = 
x? +3x-4 x*+6x+8 x?+x-2 


61. ass Use a graphing calculator to check the solutions to 
Exercises 1-4. 


of each other if their 


, always remember to look first for the 


number of 


the exponent of the denominator from the 


not 

always 
factor 

add 
subtract 
sum 
product 
smallest 
greatest 
factoring 
quotient 
reciprocals 
additive inverses 


exponents 


3a-—5 _2a+2 a-3 


60. T 
a*~+4a+3 at+3 atl 


62. [ASA Use a graphing calculator to check the solutions to 
Exercises 13, 15, and 25. 


12.6 Solving Rational Equations 951 


In one hour: 
CrewA Crew B 


In many areas of study, applications involving rates, proportions, or reciprocals 
translate to rational equations. By using the five steps for problem solving and 
the skills of Sections 12.1-12.6, we can now solve such problems. 


(a) Solving Applied Problems 
Problems Involving Work 


) EXAMPLE 1 Soddinga Yard. Charlie’s Lawn Care has two three- 
person crews who lay sod. Crew A can lay 7 skids of sod in 4 hr, while 
crew B requires 6 hr to do the same job. How long would it take the 
two crews working together to lay 7 skids of sod? 


1. Familiarize. We familiarize ourselves with the problem by con- 
sidering two incorrect ways of translating the problem to mathe- 
matical language. 


a) Acommon incorrect way to translate the problem is to add the 
two times: 4hr + 6hr = 10hr. Let’s think about this. Crew A 
can do the job in 4 hr. If crew A and crew B work together, the 
time it takes them should be /ess than 4 hr. Thus we reject 10 hr 
as a solution, but we do have a partial check on any answer we 
get. The answer should be less than 4 hr. 

b) Another incorrect way to translate the problem is as follows. Sup- 


pose the two crews split up the sodding job in such a way that 
crew A does half the sodding and crew B does the other half. Then 


1 1 
crew A lays a the skids of sod in A (4 hr), or 2 hr, 


1 1 
and crew B lays e the skids of sod in 5 (6 hr), or 3 hr. 


But time is wasted since crew A would finish 1 hr earlier than 


FIGURE 1 


In two hours: 
Crew A Crew B 


crew B. In effect, they have not worked together to get the job 
done as fast as possible. If crew A helps crew B after completing 
their half, the entire job could be done in a time somewhere 
between 2 hr and 3 hr. 


We proceed to a translation by considering how much of the job is 


finished in 1 hr, 2 hr, 3 hr, and so on. It takes crew A 4 hr to do the 


sodding job alone. Then, in 1 hr, crew A can do § of the job. It takes 


crew B 6 hr to do the job alone. Then, in 1 hr, crew B can do ¢ of the 


job. Working together, the crews can do 


FIGURE 2 
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I 1 3 2 5 
+ + j i : ig. 1. 
ae) or i ae or a ofthejobinlhr. (See Fig. 1.) 


In 2 hr, crew A can do 2(%) of the job and crew B can do 2(8) of the 
job. Working together, they can do 


1 1 6 4 10 5 
+ + job i : 
2( ) of )jor 12 12° 7 1 ,» OF g Of the job in 2 hr. 


(See Fig. 2.) 


Rational Expressions and Equations 


Continuing this reasoning, we can create a table like the following one. 


FRACTION OF THE JOB COMPLETED 
TIME CREW A CREW B TOGETHER 


1 hr 


Ble 
|r 
SS 


2 hr 2 


BE 
QQ POOed 
@ | 


From the table, we see that if the crews work together for 3 hr, the frac- 
tion of the job completed is 1}, which is more of the job than needs to be 
done. We see again that the answer is somewhere between 2 hr and 3 hr. 
What we want is a number ¢ such that the fraction of the job that gets 
completed is 1; that is, the job is just completed. 


. Translate. From the table, we see that the time we want is some num- 
ber t¢ for which 


1 1 t t 
()siQeu w fofon 
t 6 4 6 


where 1 represents the idea that the entire job is completed in time f. 
. Solve. We solve the equation: 


Ee ty Multiplying by the LCM, 
2(t42)— 12-4 which is 2 - 2 - 3, or 12 


t t 
12-—+12--=12 
4 


6 
3t+ 2t= 12 
St = 12 
12 2 
t = —, or 2— hr. 
5 or 5 ny 


. Check. In ‘2 hr, crewA does *% - }, or 3, of the job and crew B does % - 4, 
or , of the job. Together, they do? + 2, or 1 entire job. 

We also have another check in what we learned from the Familiarize 
step. The answer, 22 hr, is between 2 hr and 3 hr (see the table), and it is 
less than 4 hr, the time it takes crew A working alone. 


. State. It takes 22 hr for crew A and crew B working together to lay 
7 skids of sod. 
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1. Work Recycling. Emma and 
Evan work as volunteers at a 
community recycling center. 
Emma can sort a morning’s 
accumulation of recyclable 
objects in 3 hr, while Evan 


requires 5 hr to do the same job. 


How long would it take them, 
working together, to sort the 
recyclable material? 


Answer 


7 
llth 
8 I 


THE WORK PRINCIPLE 


Suppose a = the time it takes A to do a job, b = the time it takes B to 
do the same job, and f = the time it takes them to do the job working 
together. Then 


t 
+o=1, 
b 


Qi 


Do Exercise 1. 


Problems Involving Motion 


Problems that deal with distance, speed (or rate), and time are called motion 
problems. Translation of these problems involves the distance formula, 
d = r- t, and/or the equivalent formulas r = d/tand t = d/r. 


MOTION FORMULAS 


The following are the formulas for motion problems: 


d=rt; Distance = Rate - Time (basic formula) 
d 

r= Zz Rate = Distance/Time 
d : . 

t= me Time = Distance/Rate 


EXAMPLE 2 Animal Speeds. Azebracan run 15 mph faster than an ele- 
phant. A zebra can run 8 mi in the same time that an elephant can run 5 mi. 
Find the speed of each animal. 

Source: The World Almanac, 2008, p. 279 


1. Familiarize. We first make a drawing. We let r = the speed of the 
elephant. Then r + 15 = the speed of the zebra. 


es 


, =) 4 —— = - 


wh 


. EN y i 


BS e. 


Recall that sometimes we need to find a formula in order to solve an ap- 
plication. As we see above, a formula that relates the notions of distance, 
speed, and time is d = rt, or 


Distance = Speed - Time. 


(Indeed, you may need to look up such a formula.) 
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Since each animal travels for the same length of time, we can use just 
t for time. We organize the information in a chart, as follows. 


r 7 t 
Elephant 5 r t => 5 S70 
Zebra 8 Far US t Joe 15)t 


2. Translate. We can apply the formula d = rt along the rows of the table 


to obtain two equations: 
5 = It, (1) 
8 = (r+ 15)t. (2) 
We know that the animals travel for the same length of time. Thus if we 


solve each equation for ¢ and set the results equal to each other, we get an 
equation in terms of r. 


Solving 5 = rt for f: t= < 
Solving 8 = (r+ 15)tfort: t= as 
8 ; r+ 15 


Since the times are the same, we have the following equation: 


5 8 
r r+15° 


. Solve. To solve the equation, we first multiply on both sides by the 
LCM, which is r(r + 15): 


Multiplying on both sides by the 
r+15 LCM, which is r(r + 15) 


roe + 15) 25 (r+ 15) - 


5(r + 15) = 8r Simplifying 
5r + 75 = 8r Removing parentheses 
75 = 3r 
25 =F. 


We now have a possible solution. The speed of the elephant is 25 mph, 
and the speed of the zebra is r + 15 = 25 + 15, or 40 mph. 


. Check. We first reread the problem to see what we were to find. We 
check the speeds of 25 for the elephant and 40 for the zebra. The zebra 
does travel 15 mph faster than the elephant and will travel farther than the 
elephant, which runs at a slower speed. If the zebra runs 8 mi at 40 mph, 
the time it has traveled is 7, or ¢ hr. If the elephant runs 5 mi at 25 mph, 
the time it has traveled is ;%, or 4 hr. Since the times are the same, the 
speeds check. 


. State. The speed of the elephant is 25 mph and the speed of the zebra is 
40 mph. | 


|__Do Exercise 2. 


2. Driving Speed. Nancy drives 
20 mph faster than her father, 
Greg. In the same time that 
Nancy travels 180 mi, her father 
travels 120 mi. Find their speeds. 


Nancy’s car 
180 mi, r + 20 mph 


9 


¥ 


120 mi, r mph 


Answer 
2. Greg: 40 mph; Nancy: 60 mph 
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Re aie ea ere (b) Applications Involving Proportions 


2.5 liters (L). 
We now consider applications with proportions. A proportion involves ratios. 


4. Batting Average. Recently, a A ratio of two quantities is their quotient. For example, 73% is the ratio of 73 
baseball player got 7 hits in to 100, 7 The ratio of two different kinds of measure is called a rate. Suppose 
25 times at bat. What was the an animal travels 720 ft in 2.5 hr. Its rate, or speed, is then 


rate, or batting average, in hits 


per times at bat? 720 ft ft 


25hr ~~ hr’ 


5. Impulses in nerve fibers travel 


310 km in 2.5 hr. What is the rate, Do Exercises 3-6. | 


or speed, in kilometers per hour? 


6. A lake of area 550 yd? contains PROPORTION 


1320 fish. What is the population 
density of the lake, in number of An equality of ratios, A/B = C/D, is called a proportion. The numbers 


fish per square yard? within a proportion are said to be proportional to each other. 


/ EXAMPLE 3 Mileage. A 2009 Chevrolet Cobalt SS can travel 176 mi in city 
driving on 8 gal of gas. Find the amount of gas required for 242 mi of city driving. 
Source: Road & Track, November 2008 


1. Familiarize. We know that the Chevrolet can travel 176 mi on 8 gal of 
gas. Thus we can set up a proportion, letting x = the amount of gas re- 
quired to drive 242 mi. 


2. Translate. We assume that the car uses gas at the same rate in all city 
driving. Thus the ratios are the same and we can write a proportion. Note 
that the units of mileage are in the numerators and the units of gasoline 
are in the denominators. 


Miles > 176 _ 242 < Miles 
Gas—> 8 x < Gas 


3. Solve. ‘To solve for x, we multiply on both sides by the LCM, which is 8x: 


176 242 
8x — 8x - a Multiplying by 8x 
176x = 1936 Simplifying 
176x 1936 iadinteta 
—_ = ividin: 
176 176 oe 
x= 11. Simplifying 


We can also use cross products to solve the proportion: 


176 — 242 
aaa. = =, 176 - xand 8 - 242 are cross products. 
7. Mileage. In highway driving, Pc, ee 
a 2009 Toyota Venza can travel 176+ x = 8- 242 Equating cross products 
261 mi on 9 gal of gas. How 176-x 8-242 
much gas will be required for 176 176 Dividing by 176 


an 820-mi trip? 
Source: Car and Driver, January 2009 x= 11. 


4. Check. The check is left to the student. 


5. State. The Chevrolet Cobalt will require 11 gal of gas for 242 mi of city 
Answers driving. j 
3. 58km/L 4. 0.28 hits per times at bat 


5. 124km/h 6. 2.4 fish/yd? ‘ 
7. About 28.3 gal DoExercise7. |] 
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! EXAMPLE 4 Environmental Science. The Fish and Wildlife Division of 
the Indiana Department of Natural Resources recently completed a study 
that determined the number of largemouth bass in Lake Monroe, near 
Bloomington, Indiana. For this project, anglers caught 300 largemouth bass, 
tagged them, and threw them back into the lake. Later, they caught 85 large- 
mouth bass and found that 15 of them were tagged. Estimate how many 
largemouth bass are in the lake. 

Source: Department of Natural Resources, Fish and Wildlife Division, Kevin Hoffman 


1. Familiarize. The ratio of the number of largemouth bass tagged to the 
total number of fish in the lake, F, is 300/F. Of the 85 largemouth bass 


caught later, 15 fish were tagged. The ratio of fish tagged to fish caught is . 8. Environmental Science. 
2. Translate. Assuming that the two ratios are the same, we can translate To determine the number of 
to a proportion. humpback whales ina pod, a 
marine biologist, using tail 
Fish tagged originally — 300 _ 15 <— Tagged fish caught later markings, identifies 27 members 
Fishinlake > F 85 <~ Fishcaught later of the pod. Several weeks later, 
40 whales from the pod are ran- 
3. Solve. We solve the proportion. We multiply by the LCM, which is 85F. domly sighted. Of the 40 sighted, 
300 15 12 are from the 27 originally 
85F - ~— = 85F- — Multiplying by 85F identified. Estimate the number 
F 85 of whales in the pod. 
85 - 300 = F- 15 
aa =F Dividing by 15 
15 
1700 = F 


4. Check. The check is left to the student. 
5. State. We estimate that there are about 1700 largemouth bass in the lake. 


| Do Exercise 8. 


' EXAMPLE 5. Fruit Quality. A company that prepares and sells gift boxes 
and baskets of fruit must order quantities of fruit larger than what they need 
to allow for selecting fruit that meets their quality standards. The packing- 
room supervisor keeps records and notes that approximately 87 pears from a 
shipment of 1000 do not meet the company standards. Over the holidays, a 
shipment of 3200 pears is ordered. How many pears can the company expect 
will not meet the quality required? 


Answer 
8. 90 whales 
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9. XYZ Pools and Spas, Inc., adds 
2 gal of chlorine per 8000 gal 
of water in a newly constructed 
pool. How much chlorine is 
needed for a pool requiring 
20,500 gal of water? Round the 
answer to the nearest tenth 
of a gallon. 


Answer 
9. 5.1 gal 


1. Familiarize. The ratio of the number of pears P that do not meet the stan- 
dards to the total order of 3200 is P/3200. The ratio of the average number 
of pears that do not meet the standard in an order of 1000 pears is 7845. 


2. Translate. Assuming that the two ratios are the same, we can translate 
to a proportion: 


P 87 


3200 1000" 
3. Solve. We solve the proportion. We multiply by the LCM, which is 16,000. 


P 87 
16,000 - =—— = 16,000 - —— 


3200 1000 
5: P= 16-87 
1687 
an; 
P © 278.4 


4. Check. The check is left to the student. 


5. State. We estimate that there are about 278 pears in an order of 3200 
that do not meet the quality standards. } 


Do Exercise 9. 


Similar Triangles 


Proportions arise in geometry when we are studying similar triangles. If two 
triangles are similar, then their corresponding angles have the same measure 
and their corresponding sides are proportional. To illustrate, if triangle ABC is 
similar to triangle RST, then angles A and R have the same measure, angles B 
and S have the same measure, angles C and T have the same measure, and 


a_b_e 
r AY t 
S 
a_ble 
B rs ¢ 
t r 
é a 
A Cc R T 
b Ss 
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SIMILAR TRIANGLES 


In similar triangles, corresponding angles have the same measure and 
the lengths of corresponding sides are proportional. 


| EXAMPLE 6 Similar Triangles. Triangles ABC and XYZ below are similar 
triangles. Solve for zifa = 8,c = 5,andx = 10. 


We make a drawing, write a proportion, and then solve. Note that side a 
is always opposite angle A, side x is always opposite angle X, and so on. 


Y 
B 
. é 4 7 10 
A C x Z 
We have 
z_ 10 i... 0 8 
5 8 The proportion . iG could also be used. 
z ‘etic 
40 - 5 = 40 Multiplying by 40 
8z = 50 
50 
Z= ry Dividing by 8 
25 
Z= ri or 6.25. ) 


Do Exercise 10. 


EXAMPLE 7 Rafters ofa House. Carpenters use similar triangles to de- 
termine the lengths of rafters for a house. They first choose the pitch of the 
roof, or the ratio of the rise over the run. Then using a triangle with that ratio, 
they calculate the length of the rafter needed for the house. Loren is construct- 
ing rafters for a roof with a 6/12 pitch on a house that is 30 ft wide. Using a 
rafter guide (see the figure at right), Loren knows that the rafter length corre- 
sponding to a 6-unit rise and a 12-unit run is 13.4. Find the length x of the 
rafter of the house. 


We have the proportion 
Length of rafter Run in 6/12 
in 6/12 triangle —> 13.4 _ 12 <— triangle 
Length ofrafter > x 15 < Runin similar 
on the house triangle on the house 
Solve: 13.4-15 =x-12 
13.4-15 x-12 


Equating cross products 


Dividing by 12 on both sides 


12 12 
(As 0e - 
eo ™ 
16.75 ft = x 
The length of the rafter x of the house is about 16.75 ft, or 16 ft 9 in. ) 


Do Exercise 11. 


10. Height of a Flagpole. How 
high is a flagpole that casts a 
45-ft shadow at the same time 
that a 5.5-ft woman casts a 
10-ft shadow? 


Sun’s 


rays 
5.5 ft 


10 ft 


SS 


45 ft | 


13.4 
Rise: 6 


Run: 12 


Pitch: 6/12 


11. Rafters of aHouse. Referring 
to Example 7, find the length y 
in the rafter of the house. 


Answers 
10. 24.75ft 1. 7.5 ft 
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Translating 
for Success 


1. Search Engine Ads. In 2009, it 
was estimated that $3.6 billion 
was spent in advertising on The goal of these matching questions 
Internet search engines. This is to practice step (2), Translate, of the 


was a 25% increase over the five-step problem-solving process. 
amount spent in 2008. How Translate each word problem to an 


much was spent in 2008? equation and select a correct translation 
, from equations A-O. 


. 2x + 2(x + 1) = 613 


. Cycling Distance. A bicyclist 
traveled 197 mi in 7 days. At this 
rate, how many miles could the 
cyclist travel in 30 days? 


. x2 + (x + 1)? = 613 


. Bicycling. The speed of one 
bicyclist is 2 km/h faster than the 
speed of another bicyclist. The 
first bicyclist travels 60 km in the 
same amount of time that it takes 
the second to travel 50 km. Find 
the speed of each bicyclist. 


2 Dees 
. FillingTime. A swimming pool x8 + (x + 2)° = 612 


can be filled in 5 hr by hose A 5 5 

alone and in 6 hr by hose B » x° + (x + 1) = 612 
alone. How long would it take 

to fill the tank if both hoses were 

working? 


- X+ 25% +x = 3.6 


. Office Budget. Emma has $36 .t+5=7 
budgeted for office stationery. 
Engraved stationery costs $20 for 2x2 + (x + 1)2 = 452 
the first 25 sheets and $0.08 for 
each additional sheet. How 
many engraved sheets of 
stationery can Emma order and 


still stay within her budget? O. x2 + (x + 2)2 = 452 


Answers on page A-30 


6. Sides ofa Square. If the sides 


of a square are increased by 2 ft, 
the area of the original square 
plus the area of the enlarged 
square is 452 ft. Find the 
length of a side of the original 
square. 


. Consecutive Integers. The sum 


of two consecutive integers is 
613. Find the integers. 


. Sums of Squares. The sum of 


the squares of two consecutive 
odd integers is 612. Find the 
integers. 


. Sums of Squares. The sum of 


the squares of two consecutive 
integers is 613. Find the 
integers. 


. Rectangle Dimensions. The 


length of a rectangle is 1 ft 
longer than its width. Find the 
dimensions of the rectangle 
such that the perimeter of the 
rectangle is 613 ft. 


12.7 | BSG 


(a) Solve. 


1. Construction. It takes Mandy 4 hr to put up paneling 
in aroom. Omar takes 5 hr to do the same job. How 
long would it take them, working together, to panel the 
room? 


3. Shoveling. Vern can shovel the snow from his driveway 
in 45 min. Nina can do the same job in 60 min. How long 
would it take Nina and Vern to shovel the driveway if 
they worked together? 


ao 


. Wiring. By checking work records, a contractor finds 
that Peggy Ann can wire a room addition in 9 hr. It takes 
Matthew 7 hr to wire the same room. How long would it 
take if they worked together? 


7. Gardening. Nicole can weed her vegetable garden in 
50 min. Glen can weed the same garden in 40 min. How 
long would it take if they worked together? 


For Extra Help 


MyMathLab 


vari, 


PRACTICE WATCH 


DOWNLOAD 


2. Carpentry. By checking work records, a carpenter finds 


that Juanita can build a small shed in 12 hr. Anton can 
do the same job in 16 hr. How long would it take if they 
worked together? 


. Raking. Zoé can rake her yard in 4 hr. Steffi does the 


same job in 3 hr. How long would it take the two of them, 
working together, to rake the yard? 


. Plumbing. By checking work records, a plumber finds 


that Raul can plumb a house in 48 hr. Mira can do the 
same job in 36 hr. How long would it take if they worked 
together? 


. Harvesting. Bobbican pick a quart of raspberries in 


20 min. Blanche can pick a quart in 25 min. How long 
would it take if Bobbi and Blanche worked together? 
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9. Office Printers. The HP Officejet 4215 All-In-One 
printer, fax, scanner, and copier can print in black one 
copy of a company’s year-end report in 10 min. The 

HP Officejet 7410 All-In-One can print the same report in 
6 min. How long would it take the two printers, working 
together, to print one copy of the report? 


HP Officejet 4215 


HP Officejet 7410 


11. Car Speed. Rick drives his four-wheel-drive truck 


40 km/h faster than Sarah drives her Saturn. While 
Sarah travels 150 km, Rick travels 350 km. Find their 
speeds. 


Complete this table and the equations as part of the 
Familiarize step. 


Sohaer ee 


Sarah's car 


350 km, r+ 40 km/h 


Find their speeds. 


13. Train Speed. The speed of aB &M freight train is 


14 mph slower than the speed of an Amtrak passenger 
train. The freight train travels 330 mi in the same time 
that it takes the passenger train to travel 400 mi. Find the 
speed of each train. 


Complete this table and the equations as part of the 
Familiarize step. 
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10. 


Office Copiers. The HP Officejet 7410 All-In-One 


printer, fax, scanner, and copier can copy in color a staff 
training manual in 9 min. The HP Officejet 4215 All-In- 
One can copy the same report in 15 min. How long would 
it take the two copiers, working together, to make one 
copy of the manual? 


12. Car Speed. A passenger car travels 30 km/h faster than a delivery truck. While the car goes 400 km, the truck goes 250 km. 


B&M 330 t 


Amtrak 400 if 
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14. Train Speed. The speed of a freight train is 15 mph slower than the speed of a passenger train. The freight train travels 
390 mi in the same time that it takes the passenger train to travel 480 mi. Find the speed of each train. 


15. 


17. 


19. 


21. 


Trucking Speed. A long-distance trucker traveled 

120 mi in one direction during a snowstorm. The return 
trip in rainy weather was accomplished at double the 
speed and took 3 hr less time. Find the speed going. 


. : > 120 mi, 7,.t 
FREIGST nc 


120 mi, 27, t — 3 <——_ 4 


Bicycle Speed. Hank bicycles 5 km/h slower than Kelly. 
In the time that it takes Hank to bicycle 42 km, Kelly can 
bicycle 57 km. How fast does each bicyclist travel? 


Walking Speed. Bonnie power walks 3 km/h faster 
than Ralph. In the time that it takes Ralph to walk 
7.5 km, Bonnie walks 12 km. Find their speeds. 


Tractor Speed. Hobart’s tractor is just as fast as Evan’s. 
It takes Hobart 1 hr more than it takes Evan to drive to 
town. If Hobart is 20 mi from town and Evan is 15 mi 
from town, how long does it take Evan to drive to 

town? 


12.7 


16. 


18. 


20. 


22. 
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Car Speed. After driving 126 mi, Syd found that the 
drive would have taken 1 hr less time by increasing the 
speed by 8 mph. What was the actual speed? 


° > 126mi,r+8,f—-1 


Driving Speed. Kaylee’s Lexus travels 30 mph faster 
than Gavin's Harley. In the same time that Gavin travels 
75 mi, Kaylee travels 120 mi. Find their speeds. 


Cross-Country Skiing. Gerard cross-country skis 
4 km/h faster than Sally. In the time that it takes Sally to 
ski 18 km, Gerard skis 24 km. Find their speeds. 


Boat Speed. Tory and Emilio’s motorboats travel at the 
same speed. Tory pilots her boat 40 km before docking. 
Emilio continues for another 2 hr, traveling a total of 
100 km before docking. How long did it take Tory to 
navigate the 40 km? 
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(b) Find the ratio of each of the following. Simplify if possible. 


23. 60 students, 18 teachers 24. 800 mi, 50 gal 
25. Speed of Black Racer. A black racer snake travels 26. Speed of Light. Light travels 558,000 mi in 3 sec. What is 
4.6 km in 2 hr. What is the speed, in kilometers per hour? the speed, in miles per second? 
Solve. 
27. Protein Needs. A120-lb person should eat a minimum 28. Coffee Beans. The coffee beans from 14 trees are 
of 44 g of protein each day. How much protein should a required to produce 7.7 kg of coffee. (This is the average 
180-lb person eat each day? amount that each person in the United States drinks 
each year.) How many trees are required to produce 
320 kg of coffee? 
29. Hemoglobin. Anormal 10-cc specimen of human 30. Walking Speed. Wanda walked 234 km in 14 days. At 
blood contains 1.2 g of hemoglobin. How much this rate, how far would she walk in 42 days? 


hemoglobin would 16 cc of the same blood contain? 


31. Honey Bees. Making 1 lb of honey requires 20,000 trips 32. Cockroaches and Horses. A cockroach can run about 
by bees to flowers to gather nectar. How many pounds of 2 mi/hr (mph). The average body length of a cockroach 
honey would 35,000 trips produce? is 1 in. The average body length of a horse is 8 ft (96 in.). 
Source: Tom Turpin, Professor of Entomology, Purdue University If a horse’s speed-to-length ratio were the same as that 


of a cockroach, how fast would a horse run? 
Source: Tom Turpin, Professor of Entomology, Purdue University 


a 


Professor Turpin founded the annual cockroach 
race at Purdue University. 
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33. Money. The ratio of the weight of copper to the weight 
of zinc ina U.S. penny is 39. If 50 kg of zinc is being 
turned into pennies, how much copper is needed? 


35. 


Ryan Howard. 


In the 2009 Major League Baseball sea- 


son, Ryan Howard, playing for the Philadelphia Phillies 
of the National League, collected 118 hits in 439 at-bats 
in his first 114 games. 


a) 


b) 


Cc) 


The ratio of number of hits to number of at-bats, 
rounded to the nearest thousandth, is a player’s 
batting average. What was Howard’s batting average 
in his first 114 games? 

Based on the ratio of number of hits to number of 
games, how many hits would he get in the 162-game 
season? 

Based on the ratio of number of hits to number of 
at-bats and assuming he bats 700 times in 2009, how 
many hits would he get? 


34. 


36. 


Baking. Ina potato bread recipe, the ratio of milk to 
flour is ;4. If 5 cups of milk are used, how many cups of 
flour are used? 


Evan Longoria. Inthe 2009 Major League Baseball sea- 
son, Evan Longoria, playing for the Tampa Bay Rays of 
the American League, collected 116 hits in 416 at-bats in 
his first 112 games. 


a) The ratio of number of hits to number of at-bats, 
rounded to the nearest thousandth, is a player’s 
batting average. What was Longoria's batting average 
in his first 112 games? 

Based on the ratio of number of hits to number of 
games, how many hits would he get in the 162-game 
season? 

Based on the ratio of number of hits to number of 
at-bats and assuming he bats 620 times in 2009, 

how many hits would he get? 


b) 


Cc) 


Hat Sizes. 


and proportion to complete the missing parts of the following table. 


Hat sizes are determined by measuring the circumference of one’s head in either inches or centimeters. Use ratio 


HEAD CIRCUMFERENCE HEAD CIRCUMFERENCE 
(in inches) (in centimeters) 


63 21} in. 53.8 cm 
oa. 7 
38. 56.8 cm 
39. 224 in. 

3 
40. Te 
41. 59.8 cm 
42. 24 in. 
L 
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43. 


45. 


47. 


Estimating Trout Population. To determine the num- 
ber of trout in a lake, a conservationist catches 112 trout, 
tags them, and throws them back into the lake. Later, 

82 trout are caught; 32 of them are tagged. Estimate the 
number of trout in the lake. 


Quality Control. A sample of 144 firecrackers con- 
tained 9 “duds.” How many duds would you expect in 
a sample of 3200 firecrackers? 


Weight on Mars. The ratio of the weight of an object on 
Mars to the weight of the same object on Earth is 0.4 to 1. 
a) How much would a 12-ton rocket weigh on Mars? 

b) How much would a 120-lb astronaut weigh on Mars? 


44, Grass Seed. It takes 60 oz of grass seed to seed 3000 ft? 


of lawn. At this rate, how much would be needed to 
seed 5000 ft? of lawn? 


46. Frog Population. To estimate how many frogs there are 


in a rain forest, a research team tags 600 frogs and then 
releases them. Later, the team catches 300 frogs and 
notes that 25 of them have been tagged. Estimate the 
total frog population in the rain forest. 


48. Weighton Moon. The ratio of the weight of an object on 


the moon to the weight of the same object on Earth is 
0.16 to 1. 


a) How much would a 12-ton rocket weigh on the 
moon? 

b) How much would a 180-Ib astronaut weigh on the 
moon? 


Geometry. For each pair of similar triangles, find the length of the indicated side. 


49. b: B 
Va 
PaaS 
A C Xx Z 
b 6 


52. 
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x 
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a 

10 
r 
12 16 
P. O 
6 
8 

R 


M 
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55. I: 


Skill Maintenance 


57. Find an equation of the line containing (3, 3) whose 58. Find an equation of the line containing (—7, 4) and 
slopeis —2. [9.4b] (3,8). [9.4c] 


Simplify. [10.1d] 
59. x9 - x6 60. x~> - x 61. x - x6 62. x° - x6 


Graph. [9.1d] 


63. y = 2x - 6 64. y = —-2x + 6 65. 3x + 2y = 12 
3 2 
66. x — 3y = 6 Bi Sere 6B.y=—x- 4 
Synthesis 
69. Ann and Betty work together and complete a sales 70. Express 100 as the sum of two numbers for which the 
report in 4 hr. It would take Betty 6 hr longer, working ratio of one number, increased by 5, to the other 
alone, to do the job than it would Ann. How long would number, decreased by 5, is 4. 


it take each of them to do the job working alone? 


71. How soon, in minutes, after 5 o’clock will the hands ona 72. Rachel allows herself 1 hr to reach a sales appointment 

clock first be together? 50 mi away. After she has driven 30 mi, she realizes that 
she must increase her speed by 15 mph in order to arrive 
on time. What was her speed for the first 30 mi? 


73. Sobre + oe 1 for t. 
a b 
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(a) Simplifying Complex Rational Expressions 


A complex rational expression, or complex fraction expression, is a rational 
expression that has one or more rational expressions within its numerator or 
denominator. Here are some examples: 


2 x+y 1 1 
SKILL TO REVIEW 1+ = 2 3 + 5 These are rational expressions 
Objective 12.3c: Find the LCM of ; ; : within the complex rational 
algebraic expressions by factoring. 3 2x 2_x expression. 


1. Find the LCM of 2, 4, 6, and 8. 
2. Find the LCM of x, x2, and 5x. 


x+1 x y 


There are two methods used to simplify complex rational expressions. We 
will consider both. 


Method 17 


To the instructor and the student: 
Students can be instructed to 


either try both methods and MULTIPLYING BY THE LCM OF ALL THE DENOMINATORS 


To simplify a complex rational expression: 
. First, find the LCM of all the denominators of all the rational 


expressions occurring within both the numerator and the 
denominator of the complex rational expression. 


. Then multiply by 1 using LCM/LCM. 


then choose the one that works 
best for them, or use the method 
chosen by the instructor. 


. If possible, simplify by removing a factor of 1. 


aes: 
2°4 
| EXAMPLE 1 Simplify: = 3 
6 8 
We have 
L ft 3 The denominators within the complex rational expression 
ae are 2, 4, 6, and 8. The LCM of these denominators is 24. 
5 3 We multiply by 1 using oe This amounts to multiplying both 
6 38 the numerator and the denominator by 24. 
1 3 
— + — 
ee Multiplying by 1 
= ‘= ultiplyin 
5 3 2 plying by 
6 8 


24 <— Multiplying the numerator by 24 


Answers 


Skill to Review: 
1.24 2. 5x2 


24 <— Multiplying the denominator by 24 
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Using the distributive laws, we carry out the multiplications: 


= (24) + =(24) 


5 3 
oo) = a) 


_ 12+ 18 


= 30-9 Simplifying 
a" 
11° 
1. Simplify. 
Multiplying in this manner has the effect of clearing fractions in both the 1 i = 
numerator and the denominator of the complex rational expression. 3.05 
¢  ® 
Do Exercise 1. 8 6 
3. 1 
EXAMPLE 2. Simplify: a 
Bx 4x 
The denominators within the complex expression are x, 2x, 3x, and 4x. 
The LCM of these denominators is 12x. We multiply by 1 using 12x/12x. 
2. 3,1 ) 3 1 
eer ae, es — — (12x) + — (12 
4 2% Ix | (|: 2x a ) ax | *) 
1 3 1x /1 38 1 3 
oe eS eee —— (12x) — —(12 
3x Ax G eyes a ae 2. Simplify. 
36+6 42 42 fe 
4-9 -5 5 2.3 
ee 
Do Exercise 2. ee 
1 
a 
EXAMPLE 3. Simplify: T 
1 een 
ee 
The denominators within the complex expression are x and x*. The LCM 
of these denominators is x. We multiply by 1 using x?/x*. Then, after obtain- 
ing a single rational expression, we simplify: 
1 1 1 
es 1——)x2 DN aa Sage 
= a ( =): 1) a 
1-5 (: = J) L(x") — Ta (*") 3. Simplify. 
x(x—T) x eae 
(x+1)(x-—ty xt+1 x 
1 


Do Exercise 3. x2 


Answers 
136 7x2 

L. 4 — ce 
5 3(2 — x?) k=] 
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Method 2 


HOMEWORK TIPS ADDING IN THE NUMERATOR AND THE DENOMINATOR 


Prepare for your homework 
assignment by reading the 


To simplify a complex rational expression: 


explanations of concepts and 1. Add or subtract, as necessary, to get a single rational expression in 
by following the step-by-step the numerator. 

solutions of examples in the text. 2. Add or subtract, as necessary, to get a single rational expression in 
The time you spend preparing the denominator. 

will save valuable time when 3. Divide the numerator by the denominator. 


you do your assignment. 


4. If possible, simplify by removing a factor of 1. 


We will redo Examples 1-3 using this method. 


1 3 
2°4 
) EXAMPLE 4 Simplify: a 
6 8 


The LCM of 2 and 4 in the numerator is 4. The LCM of 6 and 8 in the denom- 


inator is 24. We have 


+ 


[a] eler BS) ape Plo 
| 


aS 


oa p(O BIO po 
iw) 
od 


362 
4. Simplify. Use method 2. Ve aa 
ee. 
8 6 Do Exercise 4. | 


Answer 
136 


4, —— 
5 
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Multiplying the } by 1 to get the 
common denominator, 4 


Multiplying the 3 and the 3 by 1 to 
get the common denominator, 24 


Adding in the numerator; 
subtracting in the denominator 


Multiplying by the reciprocal of the divisor 


Factoring 


2°2 
Removing a factor of 1: a 1 


i) 


Finding the LCD, 2x, and multiplying 


by 1 in the numerator 


3 1 
x 
| EXAMPLE 5 Simplify: ——- 
3x 4x 
We have 
3 1 1 } 
4 < 
XxX 2x © 2 2x 
1 3 1 4 3 3 |. 
3% AX 3% A 4x 3 
6,1 7 
— 2x 2x 
4 9 
12x 12x 12x 
i a 
ax 12x 
_ 7 Wx 
2x =5 
7+ 6+ (2x) 
(2x)(—5) 
_ 42 _ _ 42 
—5 5 
1 
-— 
| EXAMPLE 6 Simplify: 7 
ne 
We have 
x x x 
1 x2) 4 | 
Lose 1 < 
x? x2 x? 
man | 


x a 


x2 
x-1. x*-1 
x x7 
x-1 x 
Xx x2-1 
(xa x 
X(T (x + 1) 
x 
~ xt] 


Finding the LCD, 12x, and multiply- 


ing by 1 in the denominator 


_ 2x =s Adding in the numerator and 
—5 ,- subtracting in the denominator 


Multiplying by the reciprocal 


of the divisor 


Multiplying, factoring, and removing 


2 
a factor of 1: oe 1 
2x 


) 
Do Exercise 5. 


Finding the LCD, x, and multiplying 
by 1 in the numerator 


Finding the LCD, x, and multiplying 
by 1 in the denominator 


Subtracting in the numerator and 
x2 -— ] r= subtracting in the denominator 


Multiplying by the reciprocal 


of the divisor 


Multiplying, factoring, and removing a 


factor of 1: 


ae T) 
axe 1) 


} 
Do Exercise 6. 


12.8 


5. Simplify. Use method 2. 


BG RG 
aaa 
1 aE 
wae 


6. Simplify. Use method 2. 


1 
1+- 
58 
il 
a) 
x 
Answers 
é 7x2 x 
3(2 — x?) x-1 


Complex Rational Expressions 


971 


For Extra Help 


MyMathLab 


wig TG = 


PRACTICE WATCH DOWNLOAD READ REVIEW 


2 
1+ 6-5 1-3 2+5 
1. 2. 3. 4. 
i 4a? Lee ie 
4 5 3 
1 l 
Lf a Les = 
: . 7: . 
“5.5 ORES _ re 
8 6 3 6 x a 
1 an | 2 
4-4 = dy B+ aa 
9. » 10,2 —— i. —* 12, —— 
Ss a a ies 
x y 2 d t 
1 1 
~_ 2.2 a eo 
x m 
13. 14, ; : 
3. ae 15 16. — 
ae ore ee 1-> es 
1 oi 4 11 fa 
t 2 2 
ine 18. ig. 4 =” 20. 
5-—a 1 t . a 
Pa teas ages an 
5 a? bb x y 
p 4q 2 2 4 | 
a P es a’ a x 
21. 22. 23. 24. 
1 1 3 3S 3 2 3 
ey ie ae ee oe cape 
Pp q x a3 a x x2 
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2 1 5 3 ee @ © 
7a* 14a 4x3 8x b ad b ad 
25. ————_- 26. ————_- 27. ——— 28. 
a 3. 3 ba bd 
a a — + ———- eat Si.) ee ack: creams Sos 
5az 15a 2x 4x3 a c ac 
x, 3 a, 3 1 eee 5 
5y3 «10 Bhs | Oh2 7 xe On ee 
a9, a5, 31. = = 32. . 
Bag aA aay jee 
10y 5y 6b gb3 x+1 <x x-1 
Skill Maintenance 
Solve. [8.7e] 
1 
33.4- ex=-12 34. 3(b — 8) > —2(3b + 1) 
35. 1.5x + 19.2 < 4.2 — 3.5x 36. 10(4 — 5m) — 6 = —-10 
Add. [10.4a] 
37. (2x3 — 4x2 + x — 7) + (4x4 + x9 + 4x? + x) 38. (2x3 — 4x2 + x — 7) + (-2x3 + 4x2 -— x47) 
Factor. [11.6a] 
39. p* — 10p + 25 40. p* + 10p + 25 
41. 50p* — 100 42. 5p* — 40p — 100 


Solve. [11.8a] 


43. Perimeter of a Rectangle. The length ofa rectangle is 44, Ladder Distances. A ladder of length 13 ft is placed 
3 yd greater than the width. The area of the rectangle is against a building in such a way that the distance from 
10 yd?. Find the perimeter. the top of the ladder to the ground is 7 ft more than the 
distance from the bottom of the ladder to the building. 
Find these distances. 


Synthesis 


_ 1 
x-1 3x-2 


45. Find the reciprocal of 


Simplify. Zz 
S 5 ——————  — 2z 
eae | Z 
+1 he 
x-1 1 2: 22 
46. | —————_- 47, 1 + —————_ 48. 
x+1 1 22 
—] 1+ =3 
x-1 1 52 2 
1+ 
1 
1+-— 
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12. 


Find an equation of direct 
variation given a pair of 
values of the variables. 


Solve applied problems 
involving direct variation. 


Find an equation of inverse 
variation given a pair of 
values of the variables. 


Solve applied problems 
involving inverse variation. 


Direct Variation and 
Inverse Variation 


a) Equations of Direct Variation 


A bicycle is traveling at a speed of 15 km/h. In 1 hr, it goes 15 km; in 2 hr, it 
goes 30 km; in 3 hr, it goes 45 km; and so on. We can form a set of ordered 
pairs using the number of hours as the first coordinate and the number of 
kilometers traveled as the second coordinate. These determine a set of or- 
dered pairs: 


(1,15), (2,30), (3,45), (4,60), andsoon. 


Note that the second coordinate is always 15 times the first. 


In this example, distance is a constant multiple of time, so we say that 
there is direct variation and that distance varies directly as time. The equation 
of variation is d = 15t. 


DIRECT VARIATION 


When a situation translates to an equation described by y = kx, with 
ka positive constant, we say that y varies directly as x. The equation 
y = kx is called an equation of direct variation. 


In direct variation, as one variable increases, the other variable increases 
as well. This is shown in the graph above. 
The terminologies 


“y varies as x,” 

“yis directly proportional to x,” and 

“yis proportional to x” 
also imply direct variation and are used in many situations. The constant k is 
called the constant of proportionality or the variation constant. It can be 


found if one pair of values of x and y is known. Once k is known, other pairs 
can be determined. 
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EXAMPLE 1 Find an equation of variation in which y varies directly as x 
and y = 7 when x = 25. 


We first substitute to find k: 


y= kx 
7=k-25 Substituting 25 for x and 7 for y 
7 
35 =k, ork = 0.28. Solving for k, the variation constant 


Then the equation of variation is 
y = 0.28x. 


The answer is the equation y = 0.28x, not simply k = 0.28. We can visualize 
the example by looking at the graph. 


We see that when y varies directly as x, the constant of proportionality is 
also the slope of the associated graph—the rate at which y changes with 
respect to x. 


EXAMPLE 2 Find an equation in which s varies directly as tand s = 10 
when ¢ = 15. Then find the value of s when f = 32. 


We have 
s=kt We know that s varies directly as f. 
10 =k-15 Substituting 10 for s and 15 for ¢ 
=k, ork = 4, Solving for k 


Thus the equation of variation is s = $t. 


+32 Substituting 32 for tin the equation of variation 
s= ©, or 215 


The value of s is 213 when t = 32. Sp 


| Do Exercises 1 and 2. 


1. Find an equation of variation in 
which y varies directly as x and 
y = 84when x = 12. Then find 
the value of ywhen x = 41. 


2. Find an equation of variation in 
which y varies directly as x and 
y = 50 when x = 80. Then find 
the value of ywhen x = 20. 


Answers 


5 25 
1. y = 7x; 287 2. Vagus 
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(b) Applications of Direct Variation 


{ EXAMPLE 3 Karat Ratings of Gold Objects. Through 21st-century tech- 
nology, the 2009 ultra high relief Double Eagle 24-karat gold coin was issued. It 
fulfilled Augustus Saint-Gaudens’ vision of a high relief coin that was not pos- 
sible when his Double Eagle liberty design was first used for a coin in 1907. 
The karat rating K of a gold object varies directly as the percentage P of gold in 
the object. A 14-karat gold chain is 58.3% gold. What is the percentage of gold 
in an 18-karat gold ring? 

Sources: United States Mint; www.silverqueen.com; www.4facets.com; Jewelers of America 


1.,2. Familiarize and Translate. The problem states that we have direct 
variation between the variables K and P. Thus an equation K = kP, k > 0, 
applies. As the percentage of gold increases, the karat rating increases. 
(The letters K and k represent different quantities.) 

3. Solve. The mathematical manipulation has two parts. First, we deter- 
mine the equation of variation by substituting known values for K and P 
to find the variation constant k. Second, we compute the percentage of 
gold in an 18-karat gold ring. 


a) First, we find an equation of variation: 


K = kP 
14 = k(0.583) — Substituting 14 for Kand 58.3%, or 0.583, for P 
14 
0.583 
24k. Dividing and rounding to the nearest one 


The equation of variation is K = 24P. 
b) We then use the equation to find the percentage of gold in an 18-karat 


gold ring: 
3. Percentage of Gold. Referring a 
to Example 3, what is the per- 18 = 24P Substituting 18 for K 
centage of gold in a 10-karat 18 
gold vase? 4 
4. Weight onVenus. The weight 0.75 = P 
Vof an object on Venus varies 75% = P. 


directly as its weight E on Earth. 


A person weighing 165 Ib on 4. Check. The check might be done by repeating the computations. You 


Earth would weigh 145.2 lb on might also do some reasoning about the answer. The karat rating increased 

Venus. from 14 to 18. Similarly, the percentage increased from 58.3% to 75%. The 

a) Find an equation of variation. answer seems reasonable. 

b) How much would a person 5. State. An 18-karat gold ring is 75% gold. ) 
weighing 198 lb on Earth 


weigh on Venus? Do Exercises 3 and 4. 


Answers 


3. About 41.7% 4. (a) V = 0.88E; 
(b) 174.24 Ib 
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Let’s consider direct variation from the standpoint of y 
a graph. The graph of y = kx, k > 0, always goes through 
the origin and rises from left to right. Note that as x y= ky, 
increases, y increases; and as x decreases, y decreases. k>0 
This is why the terminology “direct” is used. What one 
variable does, the other does as well. 


(c) Equations of Inverse Variation 


A car is traveling a distance of 20 mi. At a speed of 5 mph, it will take 4 hr; at 
20 mph, it will take 1 hr; at 40 mph, it will take 5 hr; and so on. We use the speed 
as the first coordinate and the time as the second coordinate. These deter- 
mine a set of ordered pairs: 


(5,4), (20, 1), (40,3), (60,3), and so on. 


Note that the product of speed and time for each of these pairs is 20. Note too 
that as the speed increases, the time decreases. 


Time (in hours) 
i 
| 


1 1 
(60, 3) (80, 4) 
0 t—t+—+—_ +_+_+_+ + 
10 20 30 40 50 60 70 80 7 
Speed (in miles per hour) 


In this case, the product of speed and time is constant so we say that 
there is inverse variation and that time varies inversely as speed. The equation 
of variation is 


20 
rt = 20 (aconstant), or t= — 


INVERSE VARIATION 


When a situation translates to an equation described by y = k/x, with k 
a positive constant, we say that y varies inversely as x. The equation 
y = k/x is called an equation of inverse variation. 


In inverse variation, as one variable increases, the other variable 
decreases. 
The terminology 


“y is inversely proportional to x” 


also implies inverse variation and is used in some situations. The constant k 
is again called the constant of proportionality or the variation constant. 


MAKING APPLICATIONS 
REAL 


Newspapers and magazines are 
full of mathematical applications. 
Find such an application and 
share it with your class. As you 
develop more skills in mathematics, 
you will find yourself observing the 
world from a different perspective, 
seeing mathematics everywhere. 
Math courses become more 
interesting when we connect the 
concepts to the real world. 
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5. Find an equation of variation in 
which y varies inversely as x and 
y = 105 when x = 0.6. Then find 
the value of ywhen x = 20. 


6. Find an equation of variation in 
which y varies inversely as x and 
y = 45 when x = 20. Then find 
the value of y when x = 1.6. 


Answers 


fi 
I 


EXAMPLE 4 _ Find an equation of variation in which y varies inversely as x 
and y = 145 when x = 0.8. Then find the value of y when x = 25. 


We first substitute to find k: 


k 
y" x 
w= =. 
0.8 
(0.8)145 = k 
116 = k. 


The equation of variation is y = 116/x. The answer is the equation y = 116/x, 
not simply k = 116. 
When x = 25, we have 


_ 16 

y x 
116 

VS Substituting 25 for x 
25 

y= 4.64. 


The value of y is 4.64 when x = 25. 


Do Exercises 5 and 6. 


The graph of y = k/x, k > 0, is shaped like the 
figure at right for positive values of x. (You need not know 
how to graph such equations at this time.) Note that as 
x increases, y decreases; and as x decreases, y increases. 
This is why the terminology “inverse” is used. One 
variable does the opposite of what the other does. 


d) Applications of Inverse Variation 


Often in an applied situation we must decide which kind of variation, if any, 
might apply to the problem. 


EXAMPLE 5 Trash Removal. The day after the Indianapolis 500 race, 
local organizations are assigned the task of cleaning up the grandstands. It 
takes approximately 8 hr for 30 people to remove the trash from one grand- 
stand. How long would it take 42 people to do the job? 

Source: Indianapolis Motor Speedway 


1. Familiarize. Think about the problem situation. What kind of variation 
would be used? It seems reasonable that the more people there are work- 
ing on the job, the less time it will take to finish. Thus inverse variation 
might apply. We let T = the time to do the job, in hours, and N = the 
number of people. Assuming inverse variation, we know that an equation 
T = k/N, k > 0, applies. As the number of people increases, the time it 
takes to do the job decreases. 
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2. Translate. We write an equation of variation: 


Time varies inversely as the number of people involved. 


3. Solve. The mathematical manipulation has two 
parts. First, we find the equation of variation by substi- 
tuting known values for T and N to find k. Second, we 
compute the amount of time it would take 42 people to 
do the job. 


a) First, we find an equation of variation: 


k 
T=— 
N 
“— k Substituting 8 for T at 
~ 30 and 30 for N ye 
30 : 8 =e k. 10 [ 
240 = k. eb 
; ee eee 240 6 
The equation of variation is T = NN" ale 
b) We then use the equation to find the ar 
amount of time that it takes 42 people — ee 
: 10 20 30 40 50 60N 
to do the job: 
7a 240 
~ N 7. Referring to Example 5, 
240 determine how long it would 
T=, Substituting 42 for N take 25 people to do the job. 
T = 5.7. 8. Time of Travel. The time t 
required to drive a fixed distance 
4. Check. The check might be done by repeating the computations. We varies inversely as the speed r. 
might also analyze the results. The number of people increased from 30 It takes 5 hr at 60 km/h to drive a 
to 42. Did the time decrease? It did, and this confirms what we expect fixed distance. 
with inverse variation. a) Find an equation of 
5. State. It should take 5.7 hr for 42 people to complete the job. I variation. 


b) How long would it take at 


Do Exercises 7 and 8. 40 km/h? 


Answers 


7.96hr 8 (at= ”. (b) 7.5 hr 
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12.9 


For Extra Help 


MyMathLab 


PRACTICE 


WATCH DOWNLOAD 


READ REVIEW 


(a) Find an equation of variation in which y varies directly as x and the following are true. Then find the value of ywhen x = 20. 


1. y = 36 when x = 9 2. y = 60 when x = 16 


5. y = 630 when x = 175 


(b) Solve. 


9. Wages and Work Time. A person’s paycheck P varies 
directly as the number H of hours worked. For working 
15 hr, the pay is $180. 


a) Find an equation of variation. 
b) Find the pay for 35 hr of work. 


PK 
$500 


400 
300 
200 


100 


11. CostofSand. The cost C, in dollars, to fill a sandbox 
varies directly as the depth S, in inches, of the sand. 
The director of Creekside Daycare checks at her local 
hardware store and finds that it would cost $67.50 to fill 
the daycare’s box with 6 in. of sand. She decides to fill 
the sandbox to a depth of 9 in. 


a) Find an equation of variation. 
b) How much will the sand cost? 
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3. y = 0.8 when x = 0.5 


6. y = 400 when x = 125 7. y = 500 when x = 60 


4. y = 0.7 when x = 0.4 


8. y = 200 when x = 300 


10. Interest and Interest Rate. The interest J earned in 1 year 


on a fixed principal varies directly as the interest rate r. 
An investment earns $53.55 at an interest rate of 4.25%. 


a) Find an equation of variation. 


b) How much will the investment earn at a rate of 
5.75%? 


. Cost of Cement. The cost C, in dollars, of cement 


needed to pave a driveway varies directly as the depth D, 
in inches, of the driveway. John checks at his local build- 
ing materials store and finds that it costs $1000 to install 
his driveway with a depth of 8 in. He decides to build a 
stronger driveway at a depth of 12 in. 


a) Find an equation of variation. 
b) How much will it cost for the cement? 
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13. 


15. 


17. 


Lunar Weight. The weight M of an object on the moon 
varies directly as its weight E on Earth. Jared weighs 
192 lb, but would weigh only 32 Ib on the moon. 


a) Find an equation of variation. 

b) Jared’s wife, Elizabeth, weighs 110 lb on Earth. How 
much would she weigh on the moon? 

c) Jared’s granddaughter, Jasmine, would weigh only 
5 Ib on the moon. How much does Jasmine weigh on 
Earth? 


Computer Megahertz. The number of instructions N 
performed per second by a computer varies directly as 
the speed S of the computer's internal processor. A 
processor with a speed of 25 megahertz can perform 
2,000,000 instructions per second. 


a) Find an equation of variation. 

b) How many instructions per second will the same 
processor perform if it is running at a speed of 
200 megahertz? 


Steak Servings. The number of servings S of meat that 
can be obtained from round steak varies directly as the 
weight W. From 9 kg of round steak, one can get 70 serv- 
ings of meat. How many servings can one get from 12 kg 
of round steak? 


14. Mars Weight. 


16 


18. Turkey Servings. 


The weight M of an object on Mars varies 
directly as its weight E on Earth. In 1999, Chen Yanqing, 
who weighs 128 lb, set a world record for her weight class 
with a lift (snatch) of 231 Ib. On Mars, this lift would be 
only 88 lb. 


Source: The Guinness Book of Records, 2001 


a) Find an equation of variation. 
b) How much would Yanqing weigh on Mars? 


Water in Human Body. The number of kilograms W of 
water in a human body varies directly as the total body 
weight B. A person who weighs 75 kg contains 54 kg of 
water. 


a) Find an equation of variation. 
b) How many kilograms of water are in a person who 
weighs 95 kg? 


A chef is planning meals in a refresh- 
ment tent at a golf tournament. The number of servings S 
of meat that can be obtained from a turkey varies directly 
as its weight W. From a turkey weighing 30.8 lb, one can 
get 40 servings of meat. How many servings can be 
obtained from a 19.8-Ilb turkey? 
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12.9 Direct Variation and Inverse Variation 


c) 


19. 


23. 


27. 


\b 


29. 


31. 


y = 3whenx = 25 20. y = 2 when x = 45 


y = 6.25 when x = 0.16 24, y = 0.125 when x = 8 


y = 0.2 when x = 0.3 28. y = 0.4 when x = 0.6 


), (AD solve. 


Production and Time. A production line produces 
15 CD players every 8 hr. How many players can it 
produce in 37 hr? 


a) What kind of variation might apply to this situation? 
b) Solve the problem. 


Cooking Time. It takes 4 hr for 9 cooks to prepare the 
food for a wedding rehearsal dinner. How long will it 
take 8 cooks to prepare the dinner? 


a) What kind of variation might apply to this situation? 
b) Solve the problem. 
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21. 


25. 


30. 


32. 


Find an equation of variation in which y varies inversely as x and the following are true. Then find the value of ywhen x = 10. 


y = 10 when x = 8 22. y = 10 when x = 7 


y = 50 when x = 42 26. y = 25 when x = 42 


Wages and Work Time. A person works for 15 hr and 
makes $251.25. How much will the person make by 
working 35 hr? 


a) What kind of variation might apply to this situation? 
b) Solve the problem. 


Work Time. It takes 16 hr for 2 people to resurface a 
tennis court. How long will it take 6 people to do the job? 
a) What kind of variation might apply to this situation? 
b) Solve the problem. 
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33. Miles per Gallon. To travel a fixed distance, the 


35. 


37. 


39. Apparent Size. 


number of gallons N of gasoline needed is inversely 
proportional to the miles-per-gallon rating P of the car. 
A car that gets 20 miles per gallon (mpg) needs 14 gal to 
travel the distance. 


a) Find an equation of variation. 
b) How much gas will be needed for a car that gets 
28 mpg? 


Electrical Current. The current Jin an electrical 
conductor varies inversely as the resistance R of the 
conductor. The current is 96 amperes when the 
resistance is 20 ohms. 


a) Find an equation of variation. 
b) What is the current when the resistance is 60 ohms? 


Answering Questions. Fora fixed time limit for a quiz, 
the number of minutes m that a student should allow for 
each question on a quiz (assuming they are of equal 
difficulty) is inversely proportional to the number of 
questions n on the quiz. For a given time limit on a 
16-question quiz, students have 2.5 min per question. 


a) Find an equation of variation. 

b) How many questions would appear on a quiz in 
which students have the same time limit and have 
4 min per question? 


The apparent size A of an object varies 
inversely as the distance d of the object from the eye. A 

flagpole 30 ft from an observer appears to be 27.5 ft tall. 
How tall will the same flagpole appear to be if it is 100 ft 
from the eye? 


34. Miles per Gallon. To travel a fixed distance, the 


36. 


38 


40. Driving Time. 


number of gallons N of gasoline needed is inversely 
proportional to the miles-per-gallon rating P of the car. 
A car that gets 25 miles per gallon (mpg) needs 12 gal to 
travel the distance. 


a) Find an equation of variation. 
b) How much gas will be needed for a car that gets 
20 mpg? 


Gas Volume. The volume V of a gas varies inversely as 
the pressure P on it. The volume of a gas is 200 cm? 
under a pressure of 32 kg/cm’. 


a) Find an equation of variation. 
b) What will be its volume under a pressure of 
20 kg/cm?? 


Pumping Time. The time trequired to empty a tank 
varies inversely as the rate r of pumping. A pump can 
empty a tank in 90 min at a rate of 1200 L/min. 


a) Find an equation of variation. 
b) How long will it take the pump to empty the tank 
at arate of 2000 L/min? 


The time f required to drive a fixed 
distance varies inversely as the speed r. It takes 5 hr at 
55 mph to drive a fixed distance. How long would it take 
at 40 mph? 
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Skill Maintenance 


Multiply. [10.6d] 


1\? 1 1 
4l. (ax - i) 42. (2 - 6)(4x a 6) 43. (x + 1)(x2 — 2x + 4) 44, (5x + 3)? 
Factor. [11.6a] 
1 
45. 49x? — Th 46. 169x? + 26x + 1 47, bx? > Oe = 21. 48. 100x* — 180x + 81 
Solve. [12.6a] 
£2 KOA x-3 x+5 
49. = 0. = 
ers X= ? x-5 x+1 
Solve. [11.7b] 
51. x? — 25x + 144 =0 52. 12 + 21t + 108 = 0 53. 35x2 + 8 = 34x 54. 14x* — 19x -3 = 0 
Calculate. [7.8d] 
a 5 37 ~ (4 - 8) 
55..3/ + 3° + 3% +3 56. 7698 
57. -57° + 4-6 58. (-5)7 + 4-6 
Synthesis 
Af : PAu F 
59. f@sa Graph the equation that corresponds to Exer- 60. f@sa Graph the equation that corresponds to Exer- 
cise 17. Then use the TABLE feature to create a table cise 12. Then use the TABLE feature to create a table 
with TblStart = 1 and ATbl = 1. What happens to the with TblStart = 1 and ATbl = 1. What happens to the 
y-values as the x-values become larger? y-values as the x-values become larger? 
Write an equation of variation for each situation. 
61. The square of the pitch P of a vibrating string varies 62. In a stream, the amount S of salt carried varies directly 
directly as the tension fon the string. as the sixth power of the speed V of the stream. 
63. The power P in a windmill varies directly as the cube of 64. The volume V ofa sphere varies directly as the cube of 
the wind speed V. the radius r. 
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12 Summary and Review 


4 ~ 
Key Terms 
rational expression, p. 906 rational equation, p. 943 complex rational expression, p. 968 
fraction expression, p. 906 fraction equation, p. 943 complex fraction expression, p. 968 
equivalent expressions, p. 907 proportion, p. 956 equation of direct variation, p. 974 
opposites, p. 910 rate, p. 956 variation constant, p. 974 
reciprocals, p. 916 speed, p. 956 equation of inverse variation, p. 977 
least common multiple, LCM, p. 921 proportional, p. 956 


least common denominator, LCD, p. 921 similar triangles, p. 958 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. To determine the numbers for which a rational expression is not defined, we set the 
denominator equal to 0 and solve. [12.1a] 


2. When a situation translates to an equation described by y = k/x, with ka positive 
constant, y varies directly as x. [12.9a] 


3. The opposite of 2 — xisx — 2. [12.4a] 


4. When clearing an equation of fractions, we multiply by the LCM of all the denominators 
on both sides of the equation. [12.6a] 


5. The expressions y + 5 andy — 5 are opposites of each other. [12.1c] 


Important Concepts 


Objective 12.1c Simplify rational expressions by factoring the numerator and the denominator and removing factors of 1. 


. ; 6y — 12 Practice Exercise 
Example Simplify: —,~—-—_—_.. 
2y* + y— 10 1. Simplify: 
ae wu 2x? = 2 
2y2+y—10 (2y+5)(y- 2) 4x? + 24x + 20° 
y-2 6 6 6 


y 2 d+5 | y+5 Byt5 


Objective 12.1d Multiply rational expressions and simplify. 


24 14x + 4 + Practice Exerci 
Example Multiply and simplify: as 5 = Bae 2 asia papain 
x — 25 x+7 2. Multiply and simplify: 
x2 414x449 x45 (x2 + 14x + 49)(x + 5) 2y2+7y-15 y-3 
x2 — 25 maT (x2 — 25)(x + 7) by — 45 2y-3° 


(x + 7)(24+T)(x4-S) 
(145) (x — 5)(e4+-7J 
Pa aa 
X= 5 


Summary and Review: Chapter 12 985 


a 
Objective 12.2b Divide rational expressions and simplify. 


a* — 9a a 
Ex: le Divid d simplify: : ; 
ample Divide and simplify: ee 


a*-9a . a _ a*-9a a+2 
a2-a-6 a+2 a*-a-6 a 
(a* — 9a)(a + 2) 


(a -—a-6)a 


d(a — 9)(a-+-2y 
(a+2)(a — 3)A 
a-—9 
~a-3 


Objective 12.4a Add rational expressions. 


6x5 x 
x-1 l1-x' 
6x —5 | x 6x — 5 x =I 


x= 1 | 2% x el es | 
6x — 5 =X 
a= il x-1 


Example Add and simplify: 


6x— 5— x 
B eae U 

bx > 5 

~ =H 


5(x—t) 


Objective 12.5a Subtract rational expressions. 


2x-1 
Example Subtract: ad eee 
3 24:— 1 
x?7-1 x*+x-2 
3 2x — 1 


(x+1)\(x-1) (x +2)(x- 1) 
The LGM is:(x > 1)(% = 1)Ge+ 2); 


7 3 xt2 2x -— 1 x+i1 
(x+1)\(x-1) x+2 (x+2)(x-1) x 
3(x + 2) (2x — 1)(x + 1) 


~ (x +1)(x—-1)\(xt+ 2) (x + 2)(x- 1)(x +1) 
3x + 6 — (2x2 + x-1) 

~ (x + 1)(x — 1)(x + 2) 
3x+6—-2x2-x4+1 
(x + 1)(x — 1)(x + 2) 


Practice Exercise 


3. Divide and simplify: 


b? +3b=28 .b=4 
b2+5b- 24 b-3° 
Practice Exercise 
4. Add and simplify: 
x rf 2x —A4 


x-4 4-x- 


Practice Exercise 
5. Subtract: 
a 


5 


x7 +x-2 


x2— 1 
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a 
Objective 12.6a Solve rational equations. 


1 4 Practice Exercise 
Example Solve: 12 = —+-—. 
SX Xx 1 2 
: : : 6. Solve: — = ; 
The LCM of the denominators is 5x. We multiply by 5x Mo SX 
on both sides. 
1 4 
12=—+-— 
SX Xx 
il 4 
5x-12 = ax( 2 + *) 
Sx 
1 4 
5x +12 = 5x- F Oe + 
Sx x 
60x = 1 + 20 
60x = 21 
go thane 
60 20 


7 
This checks, so the solution is 30° 


Objective 12.8a Simplify complex rational expressions. 


1st Practice Exercise 
3 x 
Example Simplify I using method 1. : es 
ie F : y 
x 2 7. Simplify: a 
The LCM of 3, x, and 2 is 6x. y aa 
1 1 1 1 1 1 
3. XS <a Pat 
1 1 1 1 16x 1 1 
x. 2 x 2 x ag 2 "= 


Objective 12.9a Find an equation of direct variation given a pair of values of the variables. 


Example Find an equation of variation in which y varies Practice Exercise 
directly as x and y = 30 when x = 200. Then find the value 8. Find an equation of variation in which y varies directly 
of ywhen x = 5. as x and y = 60 when x = 0.4. Then find the value of y 
y= kx Direct variation when x = 2. 
30 = k- 200 Substituting 30 for y and 200 for x 
30 3 
= kork = 
200 20 


The equation of variation is y = 3, x. 
Next, we substitute 5 for x in y = 34x and solve for y: 


ee aE: 
¥~ 30" 20°2 40° 


Summary and Review: Chapter 12 987 


a 


Objective 12.9c Find an equation of inverse variation given a pair of values of the variables. 


Example Find an equation of variation in which y varies Practice Exercise 
inversely as x and y = 0.5 when x = 20. Then find the 9. Find an equation of variation in which y varies 
value of ywhen x = 6. inversely as x and y = 150 when x = 1.5. Then 

k ook find the value of ywhen x = 10. 

amar Inverse variation 
k ae 
0.5 = 20 Substituting 0.5 for y and 20 for x 
10=k 


10 
The equation of variation is y = —. 
x 


Next, we substitute 6 for xin y = 10/x and solve for y: 
10 10 = =5 


x 6 3° 
When x = 6,y = 3 


Review Exercises 


Find all numbers for which the rational expression is not Divide and simplify. [12.2b] 
defined. [12.la] = 10-5t 1-2 
12 5 3 12t 
x x— 6 
js is 4x4 2x3 
5 ee | ie “42-10 x2 -ax4] 
x? — 36 x? + x — 30 
Find the LCM. [12.3c] 
5 pas ae 6. x75 2 2 
. (x + 2)2 : 5 14, 3x*, 10xy, 15y 
Simplify. [12.1c] 15. a— 2, da— 8 
4x? — 8x 
"Ax? + Ax 16. y2-—y- 2, y2?-4 
14x —-x-3 Add and simplify. [12.4a] 
" 2x2 — 7x +3 x+8 10-4x 
17. oe 
Pee ae Ko 
(y= 5) 
Oe De 3 =2. 
ye 28 18. ae 


Multiply and simplify. [12.1d] 


22. 2a 4a 
io, 2. 8 19. ts 

10a at+6 at+l1 @q@*-] 
‘a 6t — 6 t2-1 - 2 i c2 

2r2-+t-1 t%-2t4+1 “d-c c-d 


988 CHAPTER 12 Rational Expressions and Equations 


Copyright © 2012 Pearson Education, Inc. 


Subtract and simplify. 


21. 


22. 


23. 


24. 


25. 


Simplify. 


Solve. 


Solve. 
30. 


31. 


[12.5a] 
2x — 15 
x*—x—-12 


6x — 3 
x*-—x-12 


3x-1 x-3 
2x x 


1 w= 5 
x*- 25 x*-4x-—5 


Perform the indicated operations and simplify: [12.5b] 
3x x 8 


x+2 x-2 x2-4 


[12.8a] 


1 
—+1 


[12.6a] 


[12.7a] 


Highway Work. In checking records, a contractor 


finds that crew A can pave a certain length of highway 
in 9 hr, while crew B can do the same job in 12 hr. 
How long would it take if they worked together? 


Airplane Speed. One plane travels 80 mph faster 
than another. While one travels 1750 mi, the other 
travels 950 mi. Find the speed of each plane. 


~ 


32. Train Speed. A manufacturer is testing two high- 
speed trains. One train travels 40 km/h faster than 
the other. While one train travels 70 km, the other 
travels 60 km. Find the speed of each train. 


Solve. [12.7b] 


33. Quality Control. A sample of 250 calculators contained 
8 defective calculators. How many defective calculators 
would you expect to find in a sample of 50002 


34. Pizza Proportions. At Finnelli’s Pizzeria, the 
following ratios are used: 5 parts sausage to 7 parts 
cheese, 6 parts onion to 13 parts green pepper, 
and 9 parts pepperoni to 14 parts cheese. 

a) Finnelli’s makes several pizzas with green 
pepper and onion. They use 2 cups of green 
pepper. How much onion would they use? 

b) Finnelli’s makes several pizzas with sausage and 
cheese. They use 3 cups of sausage. How much 
cheese would they use? 

c) Finnelli’s makes several pizzas with pepperoni 
and cheese. They use 6 cups of pepperoni. How 
much cheese would they use? 


35. Estimating Whale Population. To determine the 
number of blue whales in the world’s oceans, marine 
biologists tag 500 blue whales in various parts of the 
world. Later, 400 blue whales are checked, and it is 
found that 20 of them are tagged. Estimate the blue 
whale population. 
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Summary and Review: Chapter 12 


a 
36. Triangles ABC and XYZ below are similar. Find the 
value of x. 
Y 
B 8.5 
x 
3.4 24 
A C xX Z 


Find an equation of variation in which y varies directly as x 
and the following are true. Then find the value of y when 
x= 20. [12.9a] 


37. y = 12 whenx = 4 


38. y = 0.4 when x = 0.5 


Find an equation of variation in which y varies inversely as 
x and the following are true. Then find the value of y when 
x= 5. ([12.9¢] 


39. y = 5whenx = 6 


40. y = 0.5 when x = 2 


41. y = 1.3 when x = 0.5 


Solve. 


42. Wages. Aperson’s paycheck P varies directly as the 
number H of hours worked. The pay is $165.00 for 
working 20 hr. Find the pay for 35 hr of work. [12.9b] 


1. Are parentheses as important when adding rational 
expressions as they are when subtracting? Why or 
why not? [12.4a], [12.5a] 


2. How can a graph be used to determine how many 
solutions an equation has? [12.6a] 


3. How is the process of canceling related to the 
identity property of 1? [12.1c] 


43. WashingTime. It takes 5 hr for 2 washing ma- 
chines to wash a fixed amount of laundry. How 
long would it take 10 washing machines to do the 
same job? (The number of hours varies inversely as 


the number of washing machines.) [12.9d] 
44, Find all numbers for which 
3x? — 2x -1 
3x2 +x 
is not defined. [12.1a] 
Lae a 
3 3 
C. 0, = D. he 
3 3 
45. Subtract: es [12.5a] 
x-5 x+5 
——— B. 0 
(x — 5)(x + 5) 
5 10 
f= 5 Peas 
Synthesis 
46. Simplify: [12.1d], [12.2b] 
2a* + 5a 8 bat + S0a* a” + 6a 
a? 2a27+7a-4 a%+7a+12° 
47. Compare 
A+B C+D 
B 6 oC@® 
with the proportion 
A C 
BD 
[12.7b] 


Understanding Through Discussion and Writing 


4. Determine whether the situation represents direct 
variation, inverse variation, or neither. Give a 
reason for your answer. [12.9a, c] 

The number of plays that it takes to go 80 yd fora 
touchdown and the average gain per play 


5. Explain how a rational expression can be formed 
for which —3 and 4 are not allowable replacements. 
[12.1a] 


6. Why is it especially important to check the possible 
solutions to arational equation? [12.6a] 


/ 
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For Extra Help 


Test & CHARTER Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
o) Test Prep | 


on DVD, in MyMathLab J) , and on You(i (search “BittingerDevMath” and click on “Channels”). 


Find all numbers for which the rational expression is not defined. 


8 5 Tf 
Io == 2p —————— 
2x x+8 x? — 49 
2 = 11 a5 ar 2 
ee <= a 
x2 — 3x +2 (x — 1) 2 
7. Simplify: 8. Multiply and simplify: 
6x2 + 17x +7 a*—25 3a 
2x2 + 7x+3— 6a a-5 
9. Divide and simplify: 10. Find the LCM: 
25x2-1 5x2 + 9x - 2 y2 — 9, y2 + l0y + 21, y* + 4y — 21. 
O° = 6. ex a 
Add or subtract. Simplify if possible. 
IGar ae 7 = ake ea) E=8 
11. ar 2 
xe se +1 +1 
pe 36 = I ee eee! 
“x-3 3-x x= 3) Bias 
5 + 
15. ral 1c ee 
t-1 ¢ x2-16 x2-3x-4 
1 
1 4 2 ae 
Peete v 
17. 18. Simplify: : 
ea i f@=i 3% = De + Tl an eee 
Y 
Solve. 
it 1 1 1 
ees ee OT fe ei alle 
y 3 4 2 ee ee 


Find an equation of variation in which y varies directly as x and the following are true. Then find the value of y when x = 25. 
21. y = 6whenx = 3 22. y = 1.5 when x = 3 


Test: Chapter 12 991 


Find an equation of variation in which y varies inversely as x and the following are true. Then find the value of y when x = 100. 


23. y = 6whenx = 3 


Solve. 


20% 


aie 


29. 


31. 


Train Travel. The distance d traveled by a train varies 
directly as the time f that it travels. The train travels 60 km 
in 5 hr. How far will it travel in 2 hr? 


Quality Control. Asample of 125 spark plugs con- 
tained 4 defective spark plugs. How many defective 
spark plugs would you expect to find in a sample of 500? 


Copying Time. Kopy Kwik has 2 copiers. One can copy a 
year-end report in 20 min. The other can copy the same 
document in 30 min. How long would it take both machines, 
working together, to copy the report? 


This pair of triangles is similar. Find the missing 
length x. 


20 
12  ~ 5 


24 18 


Synthesis 


33. 


Reggie and Rema work together to mulch the flower 
beds around an office complex in 28 hr. Working alone, 
it would take Reggie 6 hr more than it would take Rema. 
How long would it take each of them to complete the 
landscaping working alone? 
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24. y = 11 whenx = 2 


26. Concrete Work. It takes 3 hr for 2 concrete mixers to 
mix a fixed amount of concrete. The number of hours 
varies inversely as the number of concrete mixers used. 
How long would it take 5 concrete mixers to do the 
same job? 


28. Zebra Population. A game warden catches, tags, and 
then releases 15 zebras. A month later, a sample of 
20 zebras is collected and 6 of them have tags. Use this 
information to estimate the size of the zebra population 
in that area. 


30. Driving Speed. Craig drives 20 km/h faster than 
Marilyn. In the same time that Marilyn drives 225 km, 
Craig drives 325 km. Find the speed of each car. 


2 25 il 
32. Solve: + = ; 
aes x-4 3x2-16 x+4 
i, =a B. 4 
(Cy a =a D. No solution 


34. Simplify: 1 + 
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13.1 Systems of Equations 
in Two Variables 


13.2 The Substitution Method 

13.3 The Elimination Method 

MID-CHAPTER REVIEW 

13.4 Applications and 
Problem Solving 

13.5 Applications with Motion 


TRANSLATING FOR SUCCESS 
SUMMARY AND REVIEW 
TEST 


Real-World Application 


Admission prices to the butterflies exhibit at the Brookfield Zoo in Illinois are $3 for 
adults and $2 for children. One day, 320 people visited the exhibit, and receipts 
totaled $730. How many adults and how many children visited that day? 


This problem appears as Exercise 1 in Section 13.4. 
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SKILL TO REVIEW 

Objective 9.1d: Graph linear 
equations of the type y = mx + b 
and Ax + By =C. 


Graph. 


Answers 
Skill to Review: 


3x — 4y=12 


(a) Systems of Equations and Solutions 


Many problems can be solved more easily by translating to two equations in 
two variables. The following is such a system of equations: 


x+y=8, 


2x y= 1. 


SOLUTION OF A SYSTEM OF EQUATIONS 


A solution of a system of two equations is an ordered pair that makes 


both equations true. 


Look at the graphs shown below. Recall that a graph of an equation is a 
drawing that represents its solution set. Each point on the graph corresponds 
to a solution of that equation. Which points (ordered pairs) are solutions of 
both equations? 

The graph shows that there is only one. It is the point P where the 
graphs cross, or intersect. This point looks as if its coordinates are (3,5). We 
check to see whether (3, 5) is a solution of both equations, substituting 3 for x 
and 5 for y. 


Check: x+y=8 
3.45.4 8 
8 TRUE 
2x-y=1 
2° — 5 2 1 
6—5 
1 TRUE 


There is just one solution of the system of equations. It is (3,5). In other 
words, x = 3andy = 5. 
EXAMPLE 1 Determine whether (1, 2) is a solution of the system 


y=x+1], 
2x+y=4. 


We check by substituting alphabetically 1 for x and 2 for y. 


Check: y=xt1 2x+y=4 
2?¢14+1 2°-14+224 
| 2 TRUE 2+2 
4 TRUE 
This checks, so (1, 2) is a solution of the system of equations. ) 


994 CHAPTER 13 — Systems of Equations 


EXAMPLE 2 Determine whether (—3, 2) is a solution of the system 


We check by substituting alphabetically —3 for p and 2 for q. 


Check: p+q=-l q+ 3p=4 
3 2 ef 1 2 + 3(-3) ? 4 
=i | TRUE 2-9 
—7 FALSE 


The point (—3, 2) is not a solution of q + 3p = 4. Thus it is not a solution of 
the system of equations. | 


Example 2 illustrates that an ordered pair may be a solution of one equa- 
tion while not a solution of both equations. If that is the case, it is not a solu- 
tion of the system of equations. 


Do Exercises 1 and 2. 


‘b) Graphing Systems of Equations 


Recall once again that the graph of an equation is a drawing that represents 
its solution set. If the graph of an equation is a line, then every point on the 
line corresponds to an ordered pair that is a solution of the equation. When 
we graph a system of two linear equations, we graph both equations and find 
the coordinates of the points of intersection, if any exist. 


EXAMPLE 3 Solve this system of equations by graphing: 


x+y=6, 
x=yt2. 

We graph the equations YA The common 
using any of the methods . noe gIves 
studied in Chapter 9. All points are oe soeiaron 

4 solution. 


solutions of 
x+y=6. 


Point P with coordinates 
(4, 2) looks as if it is the 


my 
2 
solution. 1 


-5-4-3-2-1 
—1 


All points are 
solutions of 
x=yt2. 


We check the pair as follows. 


Check: x+y=6 x=yt2 
4+226 A?22+2 
6 | TRUE | 4 TRUE 


The solution is (4, 2). 


Do Exercise 3. 


Determine whether the given 
ordered pair is a solution of the 


system of equations. 
ls (2=Be se = 2y sr Gh, 
2x+y=1 
Check: 
= 2VieO 255 te 7 = I 
2 2 
1 
2. (20,40); a= ra 
b-az=60 
Check: 
1 
Cee b-a=60 
2 2 


3. Solve this system by graphing: 
2x+y=1], 
x= 2y+ 8. 


Answers 


1. Yes 2. No 3. (2,—3) 
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EXAMPLE 4 Solve this system of equations by graphing: 


x= 2, 
y= —-3. 
The graph of x = 2 is a vertical line, YA 


and the graph of y = —3 is a horizontal 
line. They intersect at the point (2, —3). 
The solution is (2, —3). 


4. Solve this system by graphing: 
= =Al, 


y = 3. 


Do Exercise 4. 


Sometimes the equations in a system have graphs that are parallel lines. 


EXAMPLE 5 Solve this system of equations by graphing: 


y=3x +4, 
y= 3x—- 3. 

We graph the equations, again using 
any of the methods studied in Chapter 9. 
The lines have the same slope, 3, and 
different y-intercepts, (0,4) and (0, —3), 


5. Solve this system by graphing: so they are parallel. 
There is no point at which the lines 


Var 4 = sy = 
x= y= =2 intersect, so the system has no solution. x 
The solution set is the empty set, 
y et denoted ©, or { }. 


eS Do Exercise 5. 


Sometimes the equations in a system have the same graph. 


EXAMPLE 6 Solve this system of equations by graphing: 


2x + 3y = 6, 
—8x — 1l2y = —24. 


We graph the equations and see that 
the graphs are the same. Thus any 
solution of one of the equations is a 
solution of the other. Each equation has 
an infinite number of solutions, some of 
which are indicated on the graph. 


On the following page, we check one ‘ (6, —2) 
such solution, (0, 2), the y-intercept of _4| (8x7 12y= 24 
Answers : 
each equation. 5 


4. (—4,3) 5. No solution 
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Check: 2x + 3y=6 —8x — 12y = —24 


2(0) + 3(2) 2.6 —8(0) — 12(2) ? -24 
0+6 0 — 24 
6 TRUE —24 TRUE 


We leave it to the student to check that (—3, 4) is also a solution of the system. 
If (0, 2) and (—3, 4) are solutions, then all points on the line containing them 
are solutions. The system has an infinite number of solutions. 


Do Exercise 6. 


When we graph a system of two equations in two variables, we obtain one 
of the following three results. 


2y=6x+4 


23 * 
y=3x+2 
One solution No solution Infinitely many solutions 
Graphs intersect. Graphs are parallel. Equations have the same graph. 


& Algebraic-Graphical Connection 


To bring together the concepts of Chapters 7-13, let’s take an 
algebraic—graphical look at equation solving. Such interpretation is 
useful when using a graphing calculator. 

Consider the equation 6 — x = x — 2. Let’s solve it algebraically as 
we did in Chapter 8: 


6-x=x-2 
6=2x-2 Adding x 
8 = 2x Adding 2 
4 =x. Dividing by 2 


Can we also solve the equation graphically? We can, as we see in 
the following two methods. 


METHOD1 Solve6 — x = x — 2 graphically. 

We lety = 6 — xandy=x -— 2. y 
Graphing the system of equations y=6-x 
gives us the graph at right. The point 
of intersection is (4, 2). Note that 
the x-coordinate of the point of 
intersection is 4. This value for x is 
also the solution of the equation 
6-x=x-2. Fes x 


Do Exercise 7. 


6. Solve this system by graphing: 
2x+y=4, 
=oi6 = 37 = = 112, 


7. a) Solve2x —1=8-x 


algebraically. 
b) Solve 2x -1=8-x 
graphically using method 1. 


c) Compare your answers to 
parts (a) and (b). 


Answers 


6. Infinite number of solutions 
7. (a) 3; (b) 3; (c) They are the same. 
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METHOD 2. Solve 6 — x = x — 2 graphically. 


8. a) Solve 2x ~1=8— x Adding x and —6 on both sides, y 

graphically using method 2. we obtain the form 0 = 2x — 8. In this 6 
case, we let y = Oandy = 2x — 8. 
Since y = O is the x-axis, we need 
graph only y = 2x — 8 and see where a+ 
it crosses the x-axis. Note that the i 
x-intercept of y = 2x — 8 is (4,0). The 
x-coordinate of this ordered pair is 
also the solution of the equation 
b) Compare your answers to 6-—x=x-2. 

Margin Exercises 7(a), 7(b), 


and 8(a). Do Exercise 8. 


Let's compare the two methods. Using method 1, we graph two 
equations. The solution of the original equation is the x-coordinate of 
the point of intersection. Using method 2, we find that the solution of 
the original equation is the x-coordinate of the x-intercept of the graph. 


x 


Calculator Corner 


Solving Systems of Equations We can solve a system of two equations in two variables on a graphing calculator. 
Consider the system of equations in Example 3, 
Xx+ty=6, 
X=yt2. 
First, we solve the equations for y, obtaining y = —x + 6andy = x — 2.Thenweenter y, = —x + 6and yp = x — 2onthe 


equation-editor screen and graph the equations. We can use the standard viewing window, { —10, 10, —10, 10]. 
We will use the INTERSECT feature to find the coordinates of the point of intersection of the lines. To access this feature, we press 


QD AD ©). (CALc is the second operation associated with the key.) The query “First curve?” y= -x+6,y,=x-2 
appears on the graph screen. The blinking cursor is positioned on the graph of y;. We press @ugp to 10 


indicate that this is the first curve involved in the intersection. Next, the query “Second curve?” appears 
and the blinking cursor is positioned on the graph of y. We press Gg to indicate that this is the second 
curve. Now the query “Guess?” appears, so we use the 1) and @) keys to move the cursor close to the point 
of intersection and press GU. The coordinates of the point of intersection of the graphs, x = 4, y = 2, 
appear at the bottom of the screen. Thus the solution of the system of equations is (4, 2). 


Exercises: Use a graphing calculator to solve each system of equations. 


lxt+y=2, 2y=x+5, ae ona: 
y=x+4 a2x+y=5 yr 2xn— 7 
4.x + 3y = -1, 5. 3x + Sy = 19, Ban Pe by 
x-y=-5 4x=10+y l=2x+y 
XX 
Answers 


8. (a) 3; (b) They are the same. 
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13.1 


Exercise Set 


For Extra Help 


PRACTICE 


MyMathLab |) 


My HG = 


WATCH 


DOWNLOAD 


%& 


REVIEW. 


Determine whether the given ordered pair is a solution of the system of equations. Use alphabetical order of the 


variables. 
1. (1,5); 5x — 2y = —5, 
3%.= Ty = =32 


3. (4,2); 3b — 2a = —2, 
b+2a=8 


5. (15,20); 3x — 2y=5, 
6x — 5y = -10 


7..(=1],); x= =1, 
x-y=-2 


1 
9. (18, 3); y = 6” 
2x — y = 33 


(b) Solve each system of equations by graphing. 


2. (3,2); 2x + 3y = 12, 
x= 4y=—-5 


4. (6,-6); t+ 2s = 6, 


t-—s=-12 
6. (-1,-5); 4r+s=—9, 

3r=2+5 
8. (—3,4); 2x = -y — 2, 

yo-4 

1 

10. (-3, 1); y a ~ 3” 

3y = =5x = 12 


ll.x-—y=2, 12.%+ y= 3, 13. 8x — y = 29, 14. 4x — y = 10, 
x+y=6 x= y= 2x+y= 11 3x + 5y = 19 
VA VA VA VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
-5-4-3-2-1,/ 12345 x -5-4-3-2-1,| 1.2.3.4 5 -5-4-3-2-1,| 12345. % —5-4-3-2-1,[ 12345  % 
+2 +2 +2 12 
-3 -3 -3 -3 
-4 -4 -4 +4 
55 “5 -5 15 
15. t= »p, 16. x = 3y, 17.x = -y, 18. -—3x =5-y, 
4t = 2v-6 3y — 6 = 2x x+y=4 2y = 6x + 10 
VA YA YA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
-5-4-3-2-1,] 12345 -5-4-3-2-1,| 1 2.3.4 5 -5-4-3-2-1,| 1.2.3.4 5 = —5-4-3-2-1,[ 123.45 % 
+2 Lp +2 +2 
+3 43 +3 -3 
-4 L4 -4 -4 
+5 -5 “5 -5 
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1 1 
19.a=—b+1, 20.x=—y+ 2, 21. y — 2x = 0, 22. y = 3x, 
ss : y= 6x: — 2 yu -3x +2 
a— 2b = =2 =24 = y= 1 
bh x, YA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
-§-4-3-2-1,[ 12345 a -5-4-3-2-1,| 1 23 4 5 % -5-4-3-2-1,[ 12345 % -5-4-3-2-1,| 1 2.3 4 5 
my) +2 2 2 
3 -3 -3 -3 
“4 -4 -4 -4 
£5 H5 =5 rm) 
23.x+ y=9, 24.x+y=4, 25. x = 5, 26. y = 2, 
3x + 3y = 27 x+y=-4 y=-3 y=-4 
VA YA YA y 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
-5-4-3-2-1,[ 12345  % -5-4-3-2-1,| 12345 > % -5-4-3-2-1,[ 12345 % -5-4-3-2-1,| 12.3 4 5 
+2 +2 12 2 
-3 -3 -3 -3 
-4 -4 -4 -4 
-5 -5 “5 -5 
Skill Maintenance 
Simplify. 
a jp, ° = = 2—" iggy 
: x2 xt] : “x-2 2-x : 
x+2 x41 Pen = = 1G 
. - : 30. 2. Te] 
oe a eae [12.5a] 32 = 9 
Classify each polynomial as a monomial, a binomial, a trinomial, or none of these. [10.3i] 
a1, 50° = 34+ 7 32.40? 25" 33. 1.8x° Bhat oe ae 
Synthesis 
35. The solution of the following system is (2, -3). Find A 36. Find an equation to pair with 5x + 2y = 11 such that the 
and B. solution of the system is (3, —2). Answers may vary. 
Ax — 3y = 13, 
x—- By=8 
37. Find a system of equations with (6, —2) as a solution. 38.-41. lmwa Use a graphing calculator to do Exercises 15-18. 


Answers may vary. 
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Consider the following system of 
equations: 

3x + 7y = 5, 

6x — 7y=1. 
Suppose we try to solve this system 


graphically. We obtain the graph 
shown at right. 


What is the solution? It is rather difficult to tell exactly. It would appear 
that the coordinates of the point are not integers. It turns out that the solu- 
tion is (2, 3). We need techniques involving algebra to determine the solution 
exactly. Graphing helps us picture the solution of a system of equations, but 
solving by graphing, though practical in many applications, is not always fast 
or accurate in cases where solutions are not integers. We now learn other 
methods using algebra. Because they use algebra, they are called algebraic. 


(a) Solving by the Substitution Method 


One nongraphical method for solving systems is known as the substitution 
method. In Example 1, we use the substitution method to solve the system we 


graphed in Example 3 of Section 13.1. 


|! EXAMPLE 1 Solve the system 


x+y=6 (WW 
x=yt+2. (2) 


Equation (2) says that x and y + 2 name the same number. Thus in equa- 


tion (1), we can substitute y + 2 for x: 


x+y=6 Equation (1) 


(y+ 2)+y=6. Substituting y + 2 for x 


This last equation has only one variable. We solve it: 


yt2+y=6 Removing parentheses 
2y+2=6 Collecting like terms 
2y+2-2=6-2 Subtracting 2 on both sides 
2y=4 Simplifying 
2 = : Dividing by 2 
y= 2. Simplifying 


We have found the y-value of the solution. To find the x-value, we return to 
the original pair of equations. Substituting into either equation will give us 


the x-value. 


13.2 


SKILL TO REVIEW 
Objective 8.4b: Solve a formula for 
a specified letter. 
Solve for the indicated letter. 
1.x + 3y = 5,forx 


2. 2x — y = 9, fory 


Answers 


Skill to Review: 
Lsz=-3y+5 2 y=2e-9 
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1. Solve by the substitution 
method. Do not graph. 


58 4 = BD) 
a = ap Il 


2. Solve by the substitution 
method: 


a-—b=4, 
b=2- a. 


Answers 
1. (3,2) 2. (3,-1) 


1002 CHAPTER 13 


We choose equation (2) because it has x alone on one side: 


x=yt2 Equation (2) 

x=2+2 Substituting 2 for y 

x= 4, 
The ordered pair (4, 2) may be a solution. Note that we are using alphabetical 
order in listing the coordinates in an ordered pair. That is, since x precedes y 


alphabetically, we list 4 before 2 in the pair (4, 2). 
We check as follows. 


Check: x+y=6 x=yt2 
4+226 422+2 
6 | TRUE | 4 TRUE 


Since (4, 2) checks, we have the solution. We could also express the answer as 
x=4y=2., ! 


Note in Example 1 that substituting 2 for y in equation (1) will also give us 
the x-value of the solution: 


x+y=6 
x+2=6 
x=A., 


Do Exercise 1. 


' EXAMPLE 2 Solve the system 


t=1-— 3s, ie) 
s-—ft=11. (2) 
We substitute 1 — 3s for tin equation (2): 
s—t= 11 Equation (2) 
= (1 =—3s) = 11. Substituting 1 — 3s for f 


Remember to use parentheses 
when you substitute. 


Now we solve for s: 


s—1+3s= 11 Removing parentheses 
4s—-1=11 Collecting like terms 
4s = 12 Adding 1 
s=3. Dividing by 4 


Next, we substitute 3 for s in equation (1) of the original system: 


t=1-3s Equation (1) 
t=1-3:3 Substituting 3 for s 
t= —8. 


The pair (3, —8) checks and is the solution. Remember: We list the answer in 
alphabetical order, (s, t). That is, since s comes before ¢ in the alphabet, 3 is 
listed first and —8 second. L 


Do Exercise 2. 


Systems of Equations 


(b) Solving for the Variable First 


Sometimes neither equation of a pair has a variable alone on one side. Then 
we solve one equation for one of the variables and proceed as before, substi- 
tuting into the other equation. If possible, we solve in either equation for a 
variable that has a coefficient of 1. 


EXAMPLE 3 Solve the system 
x — 2y=6, (1) 
3x + 2y=4. (2) 


We solve one equation for one variable. Since the coefficient of x is 1 in 
equation (1), it is easier to solve that equation for x: 


x—-2y=6 Equation (1) 
xX =6+ 2y. Adding 2y (3) 
We substitute 6 + 2y for x in equation (2) of the original pair and solve for y: Caution! 
3x + 2y=4 Equation (2) 


A solution of a system of equations 
3(6 + 2y) + 2y=4 Substituting 6 + 2y for x in two variables is an ordered pair 
of numbers. Once you have solved 


+ 6y + 2y= i 
18 + 6y + 2y=4 alee en for one variable, don't forget the 
18+ 8y=4 Collecting like terms other. A common mistake is to 
gy = -14 Subtracting 18 solve for only one variable. 
—14 7 
y= oa or — r Dividing by 8 


To find x, we go back to either of the original equations, (1) or (2), or to equa- 
tion (3), which is solved for x. It is generally easier to use an equation like 
equation (3) where we have solved for a specific variable. We substitute -i for 
y in equation (3) and compute x: 

x=6+ 2y Equation (3) 

x=6+ 2(-3) Substituting —/ for y 

x=6- Z = 2, 


We check the ordered pair a —1). 


Check: x—- 2y=6 3x + 2y= 4 
=. tan eo T 
3 2(-7) 26 3-84 2(-7) 24 
Ba 2 16 7 
2 2 2 2 
12 8 
2 2 
6 TRUE 4 TRUE 


Since (3, = 7) checks, it is the solution. This solution would have been difficult 


to find graphically because it involves fractions. ge Solve: 


x — 2y = 8, 
Do Exercise 3. 2x+y=8. 
(¢) Solving Applied Problems 


Now let’s solve an applied problem using systems of equations and the sub- 
stitution method. 
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4. Community Garden. A rec- 
tangular community garden 
is to be enclosed with 92 m of 
fencing. In order to allow for 
compost storage, the garden 
must be 4 m longer than it is 
wide. Determine the dimensions 
of the garden. 


| oo oe oo oe 
‘| == oe oe ne oe OC 
‘| oo 22 0 oe CP 
‘| om oe 88 ty a 


Answer 
4. Length: 25 m; width: 21m 


) EXAMPLE 4. Standard Billboard. A standard rectangular highway bill- 


board has a perimeter of 124 ft. The length is 34 ft more than the width. Find 
the length and the width. 


Source: Eller Sign Company 


1. Familiarize. We make a drawing and label it. We let / = the length and 
w = the width. 


MARTHA GEORGEZ® 
for SENATOR 


2. Translate. The perimeter ofa rectangle is given by the formula 2/ + 2w. 
We translate each statement, as follows. 


The perimeter is 124 ft. 


—) 


y 


21+ 2w = 124 
Thelength is 34 ft longer than the width. 


l = 34+ w 

We now have a system of equations: 
21+ 2w = 124, (1) 
l= 34+ w. (2) 


3. Solve. We solve the system. To begin, we substitute 34 + w for /in the 
first equation and solve: 


2(34 + w) + 2w= 124 — Substituting 34 + w for /in equation (1) 
2:344+2-w+ 2w = 124 Removing parentheses 
4w + 68 = 124 Collecting like terms 
4w = 56 Subtracting 68 
w= 14. Dividing by 4 


We go back to one of the original equations and substitute 14 for w: 
1= 34+ w= 34+ 14 = 48. Substituting in equation (2) 


4. Check. If the length is 48 ft and the width is 14 ft, then the length is 
34 ft more than the width (48 — 14 = 34), and the perimeter is 2(48 ft) + 
2(14 ft), or 124 ft. Thus these dimensions check. 


5. State. The width is 14 ft and the length is 48 ft. } 


Example 4 illustrates that many problems that can be solved by translating 
to one equation in one variable may actually be easier to solve by translating to 
two equations in two variables. 


Do Exercise 4. 
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(a) Solve using the substitution method. 


1. x = —2y, 2. r = —3s, 3.y=x— 6, 4.y=x+1, 
x+4y=2 r+ 4s = 10 x+y=-2 axty=4 

5. y = 2x — 5, 6. y= 2x + 1, 7x =yt5, 8 x=y- 3, 
3y-x=5 x+y=-2 2x+y=1 x+2y=9 

9.x + y= 10, 10.x+y=4, 11. 2x + y=5, ae aie 
y=x+8 yu2x+t+ 1 x=yt+7 x=2y-5 


(b) Solve using the substitution method. First, solve one equation for one variable. 


13.x-—y=6, 14.5+ t= —4, 15. y — 2x = -6, 16.x-—y=5, 
er y= 2 sS= t= 2 2y-x=5 x+ 2y=7 

17. r — 2s = 0, 18. y — 2x = 0, 19. 2x + 3y = -2, 20. 3x — 6y = 4, 
4r — 3s = 15 3x + 7y = 17 2x-y=9 5x +y=3 

21.x + 3y =5, 22. x + 2y = 10, 233.4 = y= 3, 24. x — 2y = 8, 
3x + Sy = 3 3x + 4y = 8 2x + 3y = -6 2x + 3y = 2 


(c) Solve. 


25. Two-by-Four. The perimeter ofa cross section ofa 26. Rose Garden. The perimeter of a rectangular rose 
“two-by-four” piece of lumber is 10 in. The length is garden is 400 m. The length is 3 m more than twice 
2 in. more than the width. Find the actual dimensions the width. Find the length and the width. 


of a cross section of a two-by-four. 
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27. Dimensions of Wyoming. The state of Wyoming is 
roughly a rectangle with a perimeter of 1280 mi. The 
width is 90 mi less than the length. Find the length 
and the width. 


28. Dimensions of Colorado. The state of Colorado is 
roughly a rectangle whose perimeter is 1300 mi. The 
width is 110 mi less than the length. Find the length 
and the width. 


29. Racquetball. A regulation racquetball court should 
have a perimeter of 120 ft, with a length that is twice the 
width. Find the length and the width of a court. 


X 


I< ______ Court length —————>} 


31. Lacrosse. The perimeter of a lacrosse field is 340 yd. 
The length is 10 yd less than twice the width. Find the 
length and the width. 


33. The sum of two numbers is 37. One number is 5 more 
than the other. Find the numbers. 


35. Find two numbers whose sum is 52 and whose 
difference is 28. 
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30. Racquetball. The height of the front wall of a standard 
racquetball court is four times the width of the service 
zone. (See the figure in Exercise 29.) Together, these meas- 
urements total 25 ft. Find the height of the front wall and 
the width of the service zone. 


32. Soccer. The perimeter ofa soccer field is 280 yd. The 
width is 5 more than half the length. Find the length 
and the width. 


34. The sum of two numbers is 26. One number is 12 more 
than the other. Find the numbers. 


36. Find two numbers whose sum is 63 and whose differ- 
ence is 5. 
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37. Dimensions of NBA Court. The perimeter of an NBA- 
sized basketball court is 288 ft. The length is 44 ft longer 
than the width. Find the dimensions of the court. 

Source: National Basketball Association 


39. The difference of two numbers is 12. Two times the 
larger is five times the smaller. What are the numbers? 


Skill Maintenance 


Graph. [9.2a, b] 
41. 2x — 3y =6 42. 2x + 3y=6 
Factor completely. [11.6a] 
45. 6x? — 13x + 6 46. 4p? — p- 3 
Simplify. [10.1d, e, f] 
x2 
49. ~~ 50. x2 - x9 
x 
Synthesis 


38. Dimensions of High School Court. The perimeter of 


40. 


a standard high school basketball court is 268 ft. The 
length is 34 ft longer than the width. Find the dimen- 
sions of the court. 

Source: Indiana High School Athletic Association 


The difference of two numbers is 18. Twice the smaller 
number plus three times the larger is 74. What are the 
numbers? 


43. y = 2x -5 44.y=4 
47. 4x2 + 3x +2 48. 9a? — 25 
2-3 
a“b 
Bl. x72 + x79 52. 
a°b-6 


laws Solve using the INTERSECT feature on a graphing calculator. Then solve algebraically and decide which method 


you prefer to use. 


53. x —y=5, 54. y — 2x = —6, 
x+2y=7 2y-x=5 
57. Softball. The perimeter of a softball diamond is 


two-thirds of the perimeter of a baseball diamond. 
Together, the two perimeters measure 200 yd. Find 
the distance between the bases in each sport. 


55. y — 2.35x = —5.97, 


58. 


56. y = 1.2x — 32.7, 


2.14y — x = 4.88 y = —0.7x + 46.15 


(ASA Write a system of two linear equations that can 


be solved more quickly—but still precisely—by a 
graphing calculator than by substitution. Time yourself 
using both methods to solve the system. 
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STUDY TIPS 


BEGINNING TO STUDY FOR 
THE FINAL EXAM 
It is never too soon to begin to 
study for the final examination. 
Take a few minutes each week to 


review the highlighted information 
in the textbook, such as formulas, 
properties, and procedures. Make 
special use of the mid-chapter 
reviews, summary and reviews, 
and chapter tests. 


(a) Solving by the Elimination Method 


The elimination method for solving systems of equations makes use of the 
addition principle. Some systems are much easier to solve using this method 
rather than the substitution method. For example, to solve the system 


2x+ 3y=13, (1) 
4x — 3y =17 (2) 


by substitution, we would need to first solve for a variable in one of the equa- 
tions. Were we to solve equation (1) for y, we would find (after several steps) 
that y = 3 — $x. We could then use the expression 4’ — $x in equation (2) as 


a replacement for y: 
4x — 3(2 - 2x) = 17. 


As you can see, although substitution could be used to solve this system, doing 
so involves working with fractions. Fortunately, another method, elimination, 
can be used to solve systems and, on problems like this, is simpler to use. 


EXAMPLE 1 Solve the system 


2x + 3y = 13, (1) 
4x — 3y = 17. (2) 


The key to the advantage of the elimination method for solving this sys- 
tem involves the 3y in one equation and the —3y in the other. These terms are 
opposites. If we add the terms on the left sides of the equations, the y-terms 
will add to 0, and in effect, the variable y will be eliminated. 

We will use the addition principle for equations. According to equation (2), 
4x — 3y and 17 are the same number. Thus we can use a vertical form and 
add 4x — 3yon the left side of equation (1) and 17 on the right side—in effect, 
adding the same number on both sides of equation (1): 


2x + 3y = 13 (1) 

Ax = Sy = 17 (2) 

6x + Oy = 30, or Adding 
6x = 30. 


We have “eliminated” one variable. This is why we call this the elimination 
method. We now have an equation with just one variable that can be solved 
for x: 
6x = 30 
x= 5. 
Next, we substitute 5 for x in either of the original equations: 
2x + 3y = 13 Equation (1) 
2(5) + 3y = 13 Substituting 5 for x 
10 + 3y = 13 
3y =3 
ye=l. Solving for y 
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We check the ordered pair (5, 1). YA 


2x+ 3y=13 


Check: 2x + 3y = 13 4x — 3y = 17 
2(5) + 3(1) 2? 13 4(5) — 3(1) 2.17 
10+ 3 20-3 
13 TRUE 17 TRUE 

—-5 -4-3 -2 a1 
Since (5, 1) checks, it is the solution. We can see the solution in the graph shown 2 
at right. h a 
—5 


[Do Exercises 1 and 2. 
‘b) Using the Multiplication Principle First 


The elimination method allows us to eliminate a variable. We may need to Solve using the elimination method. 
multiply by certain numbers first, however, so that terms become opposites. lL x+y=5, 
2% —y=4 
EXAMPLE 2 Solve the system 
ox+3y=8, (1) ee Spe ni 
x+ 3y = 7. (2) 


If we add, we will not eliminate a variable. However, if the 3y were —3y in 
one equation, we could eliminate y. Thus we multiply by —1 on both sides of 
equation (2) and then add, using a vertical form: 

2x + 3y= 8 Equation (1) 
—-x—-3y=-7 Multiplying equation (2) by —1 
x = 1. Adding 
Next, we substitute 1 for x in one of the original equations: 
x+3y=7 Equation (2) 
1+ 3y=7 Substituting 1 for x 


3y =6 
y=2. Solving for y 
We check the ordered pair (1, 2). 


Check: 2x + 3y = 8 x+ 3y=7 
2-°1+3-228 Peo e7 
2+6 1+6 
8 TRUE 7 TRUE 


Since (1, 2) checks, it is the solution. We can see the solution in the graph shown 
; 


at right. —1 first. 


3. Solve. Multiply one equation by 


Do Exercises 3 and 4. 5x + 3y = 17, 


OX LVS 


4. Solve the system 
one — VR —ei0) 
Os = Ly = Als}, 


Answers 
1. (3,2) 2. (1, -2) 


3. (1,4) 4. (-8,3) 
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In Example 2, we used the multiplication principle, multiplying by —1. 
However, we often need to multiply by something other than —1. 


_ EXAMPLE 3 Solve the system 
3x + 6by = —6, (1) 
5x — 2y = 14. (2) 


Looking at the terms with variables, we see that if —2y were —6y, we 
would have terms that are opposites. We can achieve this by multiplying by 3 
on both sides of equation (2). Then we add and solve for x: 

3x + 6y = -6 Equation (1) 
15x — 6y = 42 Multiplying by 3 on both sides of equation (2) 
18x = 36 Adding 


x= 2. Solving for x 
Next, we substitute 2 for x in either of the original equations. We choose the first: 


3x + 6y = -—6 Equation (1) 
3-2 + 6y = -6 Substituting 2 for x 


= -2. Solving for y 
We check the ordered pair (2, —2). 


Check: 3x + 6y = —6 5x — 2y = 14 
3-2+6-(-2) ? -6 5-2—2-(-2)? 14 
Solve each system. 6 + (—12) 10 — (—4) 
5. 4a AIS 7b = 11 —6 TRUE 14 TRUE 
20 oa) 
Since (2, —2) checks, it is the solution. (See the graph at left.) 
6. 3x — By = 2, 
5x + 2y = -12 Do Exercises 5 and 6. 


Part of the strategy in using the elimination method is making a decision 
about which variable to eliminate. So long as the algebra has been carried out 
correctly, the solution can be found by eliminating either variable. We multi- 
ply so that terms involving the variable to be eliminated are opposites. It is 
helpful to first get each equation in a form equivalent to Ax + By = C. 


' EXAMPLE 4 Solve the system 


Calculator Corner 3y+1+2x=0, (1) 


Solving Systems of Sx = 7 — 4y. (2) 
Equations Use the INTERSECT We first rewrite each equation in a form equivalent to Ax + By = C: 


ISSR VO SUNLESS) See 2x + 3y = -1, (1) Subtracting 1 on both sides 


equations in Margin Exercises 1-6. and rearranging terms 
(See the Calculator Corner on p. 998 ax + 4y = 7. GQ) Adie eanbotisions 
for the procedure.) 
L ) We decide to eliminate the x-term. We do so by multiplying by 5 on both sides 
of equation (1) and by —2 on both sides of equation (2). Then we add and 
solve for y. 


Answers 
5. (1,1) 6. (-2,-1) 
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We obtain a false equation, 


10x + 15y = —5 
-10x-— 8y=-14 


Multiplying by 5 on both sides of equation (1) 
Multiplying by —2 on both sides of equation (2) 


7y = —19 Adding 
—-19 19 
y= 7? or — 7 Solving for y 


Next, we substitute — » for y in one of the original equations: 


2x + 3y=—-1 Equation (1) 
2x + 3(- 19) =-] Substituting — 7? for y 
57 
2x - a =1 
2x=-1+% 
x= 349 
2x = a 
5 -2x = , : ” Multiplying by 5 on both sides of the equation 
_ 50 
x= 14 
x= B. Simplifying 


We check the ordered pair 2, = ae 


Check: 3y + 1+ 2x =0 5x = 7 — 4y 
3(— 2) +1 + 2(%) 20 5(2) 27 = 4(—+2) 
-F45+9 | Bee 
0 TRUE 128 TRUE 
The solution is (2, _ 1). } 


| Do Exercise 7. 


Let’s consider a system with no solution and see what happens when we 
apply the elimination method. 


EXAMPLE 5. Solve the system 


y-3x=2, (W 
y-3x=1. (2) 


We multiply by —1 on both sides of equation (2) and then add: 


y- 3x =2 Equation (1) 
-y+3x=-1 Multiplying by —1 on both sides of equation (2) 
0=1. Adding 


= 1, so there is vo solution. (See Section 8.3c.) 
The slope-intercept forms of these equations are 


y=3x4+ 2, 
y=3x4+1. 


The slopes, 3, are the same and the y-intercepts, (0, 2) and (0, 1), are different. 
Thus the lines are parallel. They do not intersect. (See the graph at right.) 


[ 
| Do Exercise 8. 


Caution! 


Solving a system of equations in 
two variables requires finding an 
ordered pair of numbers. Once 
you have solved for one variable, 
don't forget the other, and 
remember to list the ordered-pair 
solution using alphabetical order. 


7. Solve the system 
3x = 5+ 2y, 
2s tr ay = I = ©; 


x 


8. Solve the system 
2x+ y= 15, 
Ax 2y = 23. 


Answers 


17 7 3 
Tol a= 8. No solution 


13’ «13 
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9. Solve the system 
5x — 2y = 3, 


—=|Gy5 or oi) = =C). 


Solve each system. 


1 3 i 
10.5% + 597 5° 

oon es 

5 = as 


11. 3.3x + 6.6y = —6.6, 
0.1x — 0.04y = 0.28 


Answers 


9. Infinite number of solutions 
11. (2, -2) 
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Sometimes there is an infinite number of solutions. Let’s look at a system 
that we graphed in Example 6 of Section 13.1. 
EXAMPLE 6 Solve the system 
2x + 3y=6, (1) 
—8x — 1l2y = —24. (2) 


We multiply by 4 on both sides of equation (1) and then add the two 
equations: 


8x + 12y = 24 Multiplying by 4 on both sides of equation (1) 
—8x — 1l2y = —24 
0=0. Adding 


We have eliminated both variables, and what remains, 0 = 0, is an equation 
easily seen to be true. If this happens when we use the elimination method, 
we have an infinite number of solutions. (See Section 8.3c.) 


Do Exercise 9. 


When decimals or fractions appear, we can first multiply to clear them. 
Then we proceed as before. 
EXAMPLE 7 Solve the system 


: ---, w 
A os 6’ 


(2) 


The number 6 is the least common multiple of all the denominators of 
equation (1). The number 10 is the least common multiple of all the denomi- 
nators of equation (2). We multiply by 6 on both sides of equation (1) and by 
10 on both sides of equation (2): 


ogetav)=(-g) — 10(5x+ Ey) = 10(55) 
g° 97) a0 Gey Cig 
2 


6 146 : 1 10 Z +10-=y= 
a oe ge 57 
2x + 3y = —1; 5x + 4y = 


The resulting system is 
2x4 3y = 1, 
5x + 4y = 7. 


As we saw in Example 4, the solution of this system is A, a 3), 


Do Exercises 10 and 11. 


Systems of Equations 


The following is a summary that compares the graphical, substitution, 
and elimination methods for solving systems of equations. 


METHOD STRENGTHS WEAKNESSES 


Graphical Can “see” solution. Inexact when solution 
involves numbers that are 
not integers or are very 
large and off the graph. 

Substitution Works well when Introduces extensive 

solutions are not integers. computations with fractions 
Easy to use when a for more complicated 
variable is alone on systems where coefficients 
one side. are not 1 or —1. 

Cannot “see” solution. 

Elimination Works well when Cannot “see” solution. 

solutions are not integers, 
when coefficients are not 
1 or —1, and when 
coefficients involve 
decimals or fractions. 


Exercise Set 


For Extra Help 


MyMathLab 


Math xy i. 


PRACTICE WATCH DOWNLOAD 


READ REVIEW 


(a) Solve using the elimination method. 
_ 


lx-y=?7, 
xty= 

5. 5x —-y=5, 
3x+ y= 11 


9. 8x — Sy = -9, 
3% + Sy = —2 


2x+y=11, 3 xt y=8, 4. x+ y=6, 
x-y=7 —x% + 2y = =e Sy = =2 
6. 2x -—y=8, 7. 4a+ 3b=7, 8. 7c + 5d = 18, 
3x + y= 12 —4a + = c— 5d=-2 
10. 3a —- 3b= -15, ll. 4x —- 5y=7, 12. 2x + 3y=4, 
—3a — 3b = —3 —4x+ 5y=7 —2x — 3y = -4 
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Bb) solve using the multiplication principle first. Then add. 


13. x+y=-7, 
3h Y= 9 


WW. x-— y=5, 
4x — 5y = 17 


21. 2a + 3b = —1, 
3a + 5b = —2 


25. 2x + Sy = 16, 
3x — 2y=5 


29. 3x — 2y = 10, 
—6x + 4y = —20 


3 
33. -x+oy= 
x ay 


Colw Blo 
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14. -x -—y=8, 
2x-y=-l 


18 x+ y=4, 
5x — 3y = 12 


22. 3x — 4y = 16, 
5x + 6y = 14 


26. 3p — 2q = 8, 
5p + 3q=7 


30. 2x + y= 13, 


4x + 2y = 23 
34 eo2 = 13 
aoa 

ax= yrHl7 


Systems of Equations 


19. 2w — 3z = -1, 
3w + 4z = 24 


23. x = 3y, 
sx+14=y 


27. p = 32+ q, 
3p = 8g + 6 


31. 0.06x + 0.05y = 0.07, 
0.4x -— 0.3y = 1.1 


35. —4.5x + 7.5y = 6, 
=x + 1lby=5 


16. x + 3y = 19, 
X= yo! 


20. 7p + 5q = 2, 


8p — 9q= 17 
24. 5a = 2b, 
2a +11 = 3b 


28. 3x = 8y + 11, 
x+ 6y-8=0 


32. 1.8x — 2y = 0.9, 


0.04x + 0.18y = 0.15 


36. 0.75x + 0.6y = —0.3, 
3.9x + 5.2y = 96.2 
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Skill Maintenance 


In each of Exercises 37-44, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


37. Parallel lines have the same and different 
[9.6a] 
38. Two nonvertical lines are if the product of their 


slopesis—1. [9.6b] 


39. A(n) of a system of two equations is an ordered 


pair that makes both equations true. [13.1a] 


40. Ifa situation gives rise to an equation y = kx, where kis a positive 


constant, we say that we have variation. 


41. The graph of y = bis a(n) line. [9.2b] 


[12.9a] 


42. Ifa situation gives rise to an equation y = k/x, where kis a positive 


constant, we say that we have variation. [12.9c| 
43. The equation y = mx + bis called the 

equation. [9.4a] 
44, The of an equation is a drawing that represents 


its solution set. [9.1c] 


Synthesis 


45.-54. laws Use the INTERSECT feature ona graphing 
calculator to solve the systems of equations in 
Exercises 1-10. 


horizontal 
vertical 
nonvertical 
direct 

inverse 
parallel 
perpendicular 
x-intercepts 
y-intercepts 
solution 

slope 
slope-intercept 


graph 


55.-64. fawa Use the INTERSECT feature ona graphing 


calculator to solve the systems of equations in 


Exercises 21-30. 


Solve using the substitution method, the elimination method, or the graphing method. 


65. 3(x — y) =9, 66. 2(x- y)=3 +4, 
x+y=7 x=3y+4 
eae 69. y= —2x43 
pe ae Oe pies 
x + 0.05y = 4 yo sets 


Solve for x and y. 


71. y= ax + Db, 
y=xte 


72. ax 4 
ax 4 


67. 2(5a — 5b) = 10, 
—5(6a + 2b) = 10 


70. y = 2x —7, 
y=ixt+4 


+t by+c=0, 
t cy+ b=0 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. A solution of a system of two equations is an ordered pair that makes at least one 
equation true. [13.la] 


2. Every system of two equations has one and only one ordered pair as asolution. [13.1b] 
3. The system of equations y = ax + bandy = ax — b,b # 0,hasnosolution. [13.1b] 
4. The solution of the system of equations x = aandy = bis(a,b). [13.1b] 


Guided Solutions 


Fill in each blank with the number or expression that creates a correct solution. 


Solve. 
S52, aye dl (1) 
y=x-3 (2) [13.2] 
x+[L]J=-1 Substituting for y in equation (1) 
=-1 Simplifying 
Pag all ae 
2x = Simplifying 
x*= LI 
y= = 3) Substituting for x in equation (2) 
y= Simplifying 


The solution is ({_], [_]). 


6. 2x — 3y = 7, (1) 
x + 3y = —-10 (2) [13.3a] 


2x —-3y=7 
x + 3y=-10 
x+[]y={([],or Adding 
x = 
x= 
+ 3y = —10 Substituting for x in equation (2) 


3) 
y = 
The solution is ({_], []). 


Mixed Review 


Determine whether the given ordered pair is a solution of the system of equations. Use alphabetical order of the variables. [13.1a] 


7. (-4,5); x+y=1, 8. (6,—4); x=y + 10, 
x=y-9 x-y=2 

9.(-1,1); 3x + 5y = 2, 10. (2,—-3); 2x+ y=1, 
2x- y=-1 3x — 2y = 12 
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Solve each system of equations by graphing. [13.1b] 


1x y= 1, W222 wy el 1332y)> 6 > 14,.x=yt+3, 
x-y= x 2y = 3% = 3+ Gy. V=xut2 
VA VA VA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 LD 
1 1 1 el 
S222 5m Pee ree Foe see el 23) 4a5 = 22s ie oa [222 Sh Perens 
ak: Bl. a : ie a 
43 +3 43 -3 
-4 +4 -4 -4 
£5 =5 £5 £5 


Solve using the substitution method. [13.2a, b] 


15.x+ y= 2, 16.x=y-1, We oy — 1 18. 2x + y = 2, 
y=x-8 2x%— by = 1 3x + 6y = 1 2h y= 


Solve using the elimination method. _[13.3a, b] 


19. x+y=3, 20. 3x — 2y = 2, 212% oy =, 22. 2x —- 3y=6, 
et ore bx + 2y = —2 Set oy = 6 —4x + 6y = -12 


Solve. [13.2c] 


23. Dimensions of an Area Rug. Lily buys an area rug with a 24. Find two numbers whose sum is 18 and whose 
perimeter of 18 ft. The width is 1 ft shorter than the length. difference is 86. 
Find the dimensions of the rug. 


25. The difference of two numbers is 4. Two times the 
larger number is three times the smaller. What are 
the numbers? 


Understanding Through Discussion and Writing 


26. Suppose you have shown that the solution of the 27. Graph this system of equations. What happens when 
equation 3x — 1 = 9 — 2x is 2. Howcan this result be you try to determine a solution from the graph? [13.1b] 
used to determine where the graphs of y = 3x — 1 and x — 2y =6, 

= 9 — xi 2 
y =9-— 2xintersect? [13.1b] se ay 

28. Janine can tell by inspection that the system 29. Joel solves every system of two equations (in x and y) 

x=2y-1, by first solving for yin the first equation and then 


substituting into the second equation. Is he using the 


a ae best approach? Why or why not? [13.2b] 


has no solution. How does she know this? [13.1b] 
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1. Chicken and Hamburger 
Prices. Fast Rick’s Burger 
restaurant decides to include 
chicken on its menu. It offers a 


special two-and-one promotion. 
The price of one hamburger and 
two pieces of chicken is $5.39, 
and the price of two hamburgers 
and one piece of chicken is 
$5.68. Find the price of one 
hamburger and the price of one 
piece of chicken. 


Answer 
1. Hamburger: $1.99; chicken: $1.70 


We now use systems of equations to solve applied problems that in- 
volve two equations in two variables. 


! EXAMPLE 1 Pizza and Soda Prices. A campus vendor charges $5.25 for 
one slice of pizza and one medium soda and $14.25 for three slices of pizza 
and two medium sodas. Determine the price of one medium soda and the 
price of one slice of pizza. 


1. Familiarize. We let p = the price of one slice of pizza and s = the price 
of one medium soda. 
2. Translate. The price of one slice of pizza and one medium soda is 
$5.25. This gives us one equation: 
pt+s=5.25. 


The price of three slices of pizza and two medium sodas is $14.25. This 
gives us another equation: 


3p + 2s = 14.25. 
3. Solve. We solve the system of equations 

p+s = 5.25, (1) 

3p + 2s= 14.25. (2) 
Which method should we use? As we discussed in Section 13.3, any 
method can be used. Each has its advantages and disadvantages. We de- 
cide to proceed with the elimination method, because we see that if we 
multiply each side of equation (1) by —2 and add, the s-terms can be elim- 
inated. (We could also multiply equation (1) by —3 and eliminate p.) 

—2p — 2s = —10.50 Multiplying equation (1) by —2 

3p + 2s= 14.25 Equation (2) 


p = 3.75 Adding 
Next, we substitute 3.75 for p in equation (1) and solve for s: 
p+s=5.25 
3.75 + s = 5.25 
S$ = 1.50. 


4. Check. The sum of the prices for one slice of pizza and one medium 
soda is 


$3.75 + $1.50, or $5.25. 


Three times the price of one slice of pizza plus twice the price of a 
medium soda is 


3($3.75) + 2($1.50), or $11.25 + $3.00, or $14.25. 


The prices check. 


5. State. The price of one slice of pizza is $3.75, and the price of one 
medium soda is $1.50. 


Do Exercise 1. | 
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EXAMPLE 2 IMAX Movie Prices. There were 322 people at a 
showing of the IMAX 3D movie Under the Sea. Admission was $9.25 
each for adults and $6.00 each for children, and receipts totaled $2640.50. 
How many adults and how many children attended? 


1. Familiarize. There are many ways in which to familiarize ourselves 
with a problem situation. This time, let’s make a guess and do some 
calculations. The total number of people at the movie was 322, so we 
choose numbers that total 322. Let’s try 


242 adults and 
80 children. 


How much money was taken in? The problem says that adults 
paid $9.25 each, so the total amount of money collected from the 
adults was 


242($9.25), or $2238.50. 


Children paid $6.00 each, so the total amount of money collected from 
the children was 


80($6.00), or $480. 


This makes the total receipts $2238.50 + $480, or $2718.50. 

Our guess is not the answer to the problem because the total taken 
in, according to the problem, was $2640.50. If we were to continue guess- 
ing, we would need to add more children and fewer adults, since our first 
guess gave us an amount of total receipts that was higher than $2640.50. 
The steps we have used to see if our guess is correct help us to under- 
stand the actual steps involved in solving the problem. 

Let’s list the information in a table. That usually helps in the familiar- 
ization process. We let a = the number of adults and c = the number of 


children. 
ADULTS CHILDREN TOTAL 
ADMISSION $9.25 $6.00 


NUMBER 
ATTENDING t—> a+ c= 322 


9.25a 6.00c $2640.50 | 9.254 + 6.00c 
= 2640.50 


2. Translate. The total number of people attending was 322, so 
at c= 322. 


The amount taken in from the adults was 9.25a, and the amount taken in 
from the children was 6.00c. These amounts are in dollars. The total was 
$2640.50, so we have 


9.25a + 6.00c = 2640.50. 


We can multiply by 100 on both sides to clear decimals. Thus we have a 
translation to a system of equations: 


a+c= 322, (1) 
925a + 600c = 264,050. (2) Multiplying by 100 
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2. Game Admissions. There were 
166 paid admissions to a high 
school basketball game. The 
price was $3.10 each for adults 
and $1.75 each for children. The 
amount taken in was $459.25. 
How many adults and how many 
children attended? 


Complete the following table to 
aid with the familiarization. 


= aS 
to} 
a’ ~N 
| si, PR) 
LO 
(sy ev 
+ = ll 
is} ise) 
IN A 
= 
= Ni 
ra a 
= < 
= Fe 
a 
< ie 
=| a 2 
= GF 
(S) 
a 
o_l 
=> 
[= 
<x 


z 
S 
Yn 
2 
= 
[=) 
< 


ATTENDING 


NUMBER 
MONEY 
TAKEN IN 


PAID 


Answer 
2. Adults: 125; children: 41 


3. Solve. We solve the system. We use the elimination method since the 
equations are both in the form Ax + By = C. (A case can certainly be 
made for using the substitution method since we can solve for one of the 
variables quite easily in the first equation. Very often a decision is just a 
matter of preference.) We multiply by —600 on both sides of equation (1) 
and then add and solve for a: 


600a — 600c = —193,200 Multiplying by —600 


925a + 600c = 264,050 
325a = 70,850 Adding 
70,850 eer 
a= 325 Dividing by 325 
a= 218. 


Next, we go back to equation (1), substituting 218 for a, and solve for c: 


a+ c= 322 
218 + c = 322 
c= 104. 


4. Check. The check is left to the student. It is similar to what we did in the 
Familiarize step. 


5. State. Attending the showing were 218 adults and 104 children. 


Do Exercise 2. 


EXAMPLE 3. Mixture of Solutions. Achemist has one solution that is 80% 
acid (that is, 8 parts are acid and 2 parts are water) and another solution that is 
30% acid. What is needed is 200 L of a solution that is 62% acid. The chemist 
will prepare it by mixing the two solutions. How much of each should be used? 


1. Familiarize. We can make a drawing of the situation. The chemist uses 
x liters of the first solution and y liters of the second solution. We can also 
arrange the information in a table. 


_— f Se x liters y liters =e — 


~~ 


| 
1 30% solution 


\\ 


80% solution 


es bet rites 
‘titan 


62% mixture 


FIRST SECOND 
SOLUTION | SOLUTION MIXTURE 
AMOUNT OF 
SOLUTION y 200 L 


PERCENT OF ACID 80% 30% 62% 


AMOUNT OF ACID 80%Xx 30%y 62% X 200, or 80% + 30%y 
124L = 124 


> x + y = 200 


IN SOLUTION 
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2. Translate. The chemist uses x liters of the first solution and y liters of 
the second. Since the total is to be 200 L, we have 


Total amount of solution: x + y = 200. 


The amount of acid in the new mixture is to be 62% of 200 L, or 
0.62(200 L), or 124 L. The amounts of acid from the two solutions are 
80%x and 30%y. Thus, 


Total amount of acid: 80%x + 30%y = 124 
or 0.8x + 0.3y = 124. 


We clear decimals by multiplying by 10 on both sides of the second 
equation: 


10(0.8x + 0.3y) = 10 - 124 
8x + 3y = 1240. 
Thus we have a translation to a system of equations: 
x+ y= 200, (1) 
8x + 3y = 1240. (2) 


3. Solve. We solve the system. We use the elimination method, again be- 
cause equations are in the form Ax + By = Cand a multiplication in one 
equation will allow us to eliminate a variable, but substitution would also 
work. We multiply by —3 on both sides of equation (1) and then add and 
solve for x: 


—3x — 3y = —600 Multiplying by —3 
8x + 3y = 1240 


5x = 640 Adding 
640 
x = 128. 


Next, we go back to equation (1) and substitute 128 for x: 


x+y = 200 
128 + y = 200 
y= 72. 


The solution is x = 128 andy = 72. 


4. Check. The sum of 128 and 72 is 200. Also, 80% of 128 is 102.4 and 30% 
of 72 is 21.6. These add up to 124. The numbers check. 


5. State. The chemist should use 128 L of the 80%-acid solution and 72 L 
of the 30%-acid solution. 


|__Do Exercise 3. 


EXAMPLE 4 Candy Mixtures. A bulk wholesaler wishes to mix some 
candy worth 45 cents per pound and some worth 80 cents per pound to make 
350 lb of a mixture worth 65 cents per pound. How much of each type of 
candy should be used? 


1. Familiarize. Arranging the information in a table will help. We let x = 
the amount of 45-cent candy and y = the amount of 80-cent candy. 


3. Mixture of Solutions. One 
solution is 50% alcohol and a 
second is 70% alcohol. How 
much of each should be mixed 
in order to make 30 Lofa 
solution that is 55% alcohol? 


Complete the following table 
to aid in the familiarization. 


LC ) + 70%y 


55% 


70% 


SECOND 
SOLUTION 


FIRST 
SOLUTION 


PERCENT OF 
ALCOHOL 
AMOUNT OF 
ALCOHOL IN 
SOLUTION 


[oe 
== 
z° 

= 
35 
=O 
in 


Answer 
3. 50% alcohol: 22.5 L; 70% alcohol: 7.5 L 
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INEXPENSIVE EXPENSIVE 
CANDY CANDY MIXTURE 
COST OF 
CANDY 


oe 


45 cents 80 cents 65 cents 


(in oe EG y 350 L> x + y = 350 


TOTAL COST 45x 80y 65 cents - (350), |_, 45x + 80y 


4. Mixture of Grass Seeds. Grass 
seed A is worth $1.40 per pound 
and seed B is worth $1.75 per 
pound. How much of each 
should be mixed in order to 
make 50 lb of a mixture worth 
$1.54 per pound? 


Complete the following table to 
aid in the familiarization. 


~ S 


) 


( 


> 1.40x + 1.75 
an) 


di 


$1.54 


$1.40 


SEEDA | SEEDB | MIXTURE 
y 
1.75y 


AMOUNT 
(in pounds) 
MIXTURE 


COST OF 
SEED 


or 22,750 cents = 22,750 


Note the similarity of this problem to Example 2. Here we consider types 
of candy instead of groups of people. 


. Translate. We translate as follows. From the second row of the table, we 


find that 
Total amount of candy: x + y = 350. 


Our second equation will come from the costs. The value of the inexpen- 
sive candy, in cents, is 45x (x pounds at 45 cents per pound). The value of 
the expensive candy is 80y, and the value of the mixture is 65 < 350, or 
22,750 cents. Thus we have 


Total cost of mixture: 45x + 80y = 22,750. 


Remember the problem-solving tip about dimension symbols. In this last 
equation, all expressions are given in cents. We could have expressed 
them all in dollars, but we do not want some in cents and some in dollars. 
Thus we have a translation to a system of equations: 


x+ y= 350, (1) 
45x + 80y = 22,750. (2) 


. Solve. We solve the system using the elimination method again. We 


multiply by —45 on both sides of equation (1) and then add and solve for y: 
—45x — 45y = —15,750 Multiplying by —45 
45x + 80y = 22,750 
35y = 7,000 Adding 
7,000 
~ 35 
y = 200. 


Next, we go back to equation (1), substituting 200 for y, and solve for x: 


x + y = 350 
x + 200 = 350 
x = 150. 


. Check. We consider x = 150 lb and y = 200 lb. The sum is 350 lb. The 


value of the candy is 45(150) + 80(200), or 22,750 cents and each pound 
of the mixture is worth 22,750 + 350, or 65 cents. These values check. 


. State. The grocer should mix 150 lb of the 45-cent candy with 200 lb of 


the 80-cent candy. 


Do Exercise 4. 


Answer 
4. Seed A: 30 lb; seed B: 20 Ib 
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| EXAMPLE 5 Coin Value. A student assistant at the university copy cen- 
ter has some nickels and dimes to use for change when students make copies. 
The value of the coins is $7.40. There are 26 more dimes than nickels. How 
many of each kind of coin are there? 


1. Familiarize. We let d = the number of dimes and n = the number of 
nickels. 


2. Translate. There are 26 more dimes than nickels, so we have 
d=n-+ 26. 


The value of the nickels, in cents, is 5n, since each coin is worth 5 cents. 
The value of the dimes, in cents, is 10d, since each coin is worth 10 cents. 
The total value is given as $7.40. Since we have the values of the nickels 
and dimes in cents, we must use cents for the total value. We express 
$7.40 as 740 cents. This gives us another equation: 


10d + 5n = 740. 
We now have a system of equations: 


d=n+ 26, (1) 
10d + 5n = 740. (2) 


3. Solve. Since we have d alone on one side of one equation, we use the 
substitution method. We substitute n + 26 for din equation (2): 


10d + 5n = 740 Equation (2) 
10(n + 26) + 5n = 740 Substituting n + 26 ford 
10n + 260 + 5n = 740 Removing parentheses 
15n + 260 = 740 Collecting like terms 
15n = 480 Subtracting 260 
n= = or 32. Dividing by 15 


Next, we substitute 32 for n in either of the original equations to find d. 
We use equation (1): 


A= + 96 = 39 4 26 = 58. 5. Coin Value. Ona table are 
20 coins, quarters and dimes. 
4. Check. We have 58 dimes and 32 nickels. There are 26 more dimes than Their total value is $3.05. 
nickels. The value of the coins is 58($0.10) + 32($0.05), which is $7.40. How many of each kind of 
This checks. coin are there? 
5. State. The student assistant has 58 dimes and 32 nickels. } 


Do Exercise 5. Answer 


5. Quarters: 7; dimes: 13 
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Look back over Examples 2-5. The problems are quite similar in their 
structure. Compare them and try to see the similarities. The problems in 
Examples 2-5 are often called mixture problems. These problems provide a 
pattern, or model, for many related problems. 


PROBLEM-SOLVING TIP 


When solving problems, see if they are patterned or modeled after 
other problems that you have studied. 


TROUBLE SPOTS 


By now you have probably encountered certain 
topics that gave you more difficulty than others. It is 
important to know that this happens to every person 
who studies mathematics. The most important thing 
is not to give up when difficulty arises. 

One source of frustration for many students is not 
being able to set aside sufficient time for studying. 
Family commitments, work schedules, and extracurricular 
activities are just a few of the time demands that many 
students face. Couple these demands with a math lesson 
that seems to require a greater than usual amount of study 
time, and it is no wonder that many students often feel 
frustrated. Below are some study tips that might be useful 
if and when troubles arise. 


e Realize that everyone-even your instructor—has been 
stumped at times when studying math. You are not the 
first person, nor will you be the last, to encounter a 
“roadblock.” 


e Whether working alone or with a classmate, try to allow 
enough study time so that you won't need to glance at a 
clock constantly. New material is best mastered 
when your mind is completely focused on the subject 
matter. Thus, if you are tired, it is usually best to 
study early the next morning or to take a ten-minute 
“power-nap” in order to make the most productive use 
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of your time. Consider redoing the weekly planner 
on the Student Organizer at the front of the book. 
You may need to adjust your schedule frequently. 
PLAN FOR SUCCESS with extra study time! 


Talk about your trouble spot with a classmate. It is 
possible that he or she is also having difficulty with 
the same material. If that is the case, perhaps the 
majority of your class is confused and you can ask 
your instructor to go over the topic again. If your 
classmate does understand the topic that is troubling 
you, patiently allow him or her to explain it to you. 
By verbalizing the math in question, your classmate 
may help clarify the material for both of you. Per- 
haps you will be able to return the favor for your 
classmate when he or she is struggling with a topic 
that you understand. 


Try to study in a “controlled” environment. Make an 
effort to put yourself in a setting that will enable you to 
maximize your powers of concentration. For example, 
some students may succeed in studying at home or ina 
dorm room, but for many these settings are filled with 
distractions. Consider a trip to a library, classroom 
building, or perhaps the attic or basement if such a 
setting is more conducive to studying. If you plan on 
working with a classmate, try to find a location in 
which conversation will not be bothersome to others. 


13.4 | BSG 


For Extra Help 
MyMathLab 


Mathexy | | 


PRACTICE WATCH DOWNLOAD 


READ REVIEW. 


(a) Solve. 


1. Butterflies. Admission prices to the butterflies exhibit 
at the Brookfield Zoo in Illinois are $3 for adults and $2 
for children. One day, 320 people visited the exhibit, and 
receipts totaled $730. How many adults and how many 
children visited that day? 


3. Digital Prints. Photo World charges $0.10 each for 

4 X 6 digital prints and $0.60 each for 5 X 7 prints. Lucy 
orders 36 prints and pays $6.60 for her order. How many 
prints of each size did she order? 


2. Zoo Admissions. The Bronx Zoo charges $15 admission 


for each adult and $11 for each child. One day, a total of 
$10,980 was collected from 860 admissions. How many 
adults and how many children were admitted that day? 


4. Baseball Admissions. Members of the Benton Youth 


Club attended a major-league baseball game, buying a 
total of 29 bleacher and lower reserved seats. Ticket 
prices are shown in the table below. The total cost of the 


tickets was $913. How many of each kind of ticket was 
bought? 


Lower Box 


Upper Box 


Lower Reserved 
Upper Reserved 
Bleacher 


5. Basketball Scoring. Ina game against the Orlando 


6. Basketball Scoring. Tony Parker of the San Antonio 
Magic, the Portland Trail Blazers scored 85 of their 


Spurs once scored 29 points on 17 shots in an NBA 
points on a combination of 40 two- and three-point game, shooting only two-point shots and free throws 
baskets. How many of each type of shot was made? (one point each). How many of each type of shot did 
Source: National Basketball Association he make? 


Source: National Basketball Association 
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7. Investments. Cassandra has a number of $50 and $100 


savings bonds to use for part of her college expenses. 


The total value of the bonds is $1250. There are 7 more 
$50 bonds than $100 bonds. How many of each type of 


bond does she have? 


9. Ticket Sales. There were 203 tickets sold for a women’s 
volleyball game. For activity-card holders, the price was 


$2.25 each, and for non-cardholders, the price was $3 
each. The total amount of money collected was $513. 
How many of each type of ticket were sold? 


11. Mixture of Solutions. Solution A is 50% acid and 
solution B is 80% acid. How many liters of each should 
be used in order to make 100 L of a solution that is 
68% acid? Complete the following table to aid in the 
familiarization. 


SOLUTION A SOLUTION B MIXTURE 


AMOUNT OF 
SOLUTION y 


PERCENT 
OF ACID 50% 68% 


AMOUNT 
OF ACID IN 80%y 68% xX 100, 
SOLUTION ane 


8. 


10. 


12. 


Food Prices. Slice of Heaven Pizza Parlor charges $4.70 
for a slice of pizza and a soda and $12.65 for three slices 
of pizza and two sodas. Determine the cost of one soda 
and the cost of one slice of pizza. 


Paid Admissions. Lewis School’s spring play was 
attended by 429 people. Admission was $8 each for 
adults and $4.50 each for children. The total receipts 
were $2641. How many adults and how many children 
attended? 


Mixture of Solutions. Solution A is 30% alcohol and 
solution B is 75% alcohol. How much of each should 
be used in order to make 100 L of a solution that is 
50% alcohol? 


Ser pa( ) 


13. Grain Mixtures for Horses. Brianna needs to calculate 


the correct mix of grain and hay to feed her horse. On 
the basis of her horse’s age, weight, and workload, she 
determines that he needs to eat 15 lb of feed per day, 
with an average protein content of 8%. Hay contains 
6% protein, whereas grain has a 12% protein content. 
How many pounds of hay and grain should she feed 
her horse each day? 

Source: Michael Plumb's Horse Journal, February 1996, pp. 26-29 
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>50%x +( )=( ) 


14. Paint Mixtures. Atalocal “paint swap,” Kari found 


large supplies of Skylite Pink (12.5% red pigment) and 
Macintosh Red (20% red pigment). How many gallons 
of each color should Kari pick up in order to mix a 
gallon of Summer Rose (17% red pigment)? 
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15. 


17. 


Coin Value. A parking meter contains dimes and 
quarters worth $15.25. There are 103 coins in all. 
How many of each type of coin are there? 


Coffee Blends. Carolla’s Coffee Shop mixes Brazilian 
coffee worth $19 per pound with Turkish coffee worth 
$22 per pound. The mixture is to sell for $20 per pound. 
How much of each type of coffee should be used in 
order to make a 300-lb mixture? Complete the following 
table to aid in the familiarization. 


BRAZILIAN TURKISH 
COFFEE COFFEE MIXTURE 


16. 


18. 


Coin Value. Avending machine contains nickels and 
dimes worth $14.50. There are 95 more nickels than 
dimes. How many of each type of coin are there? 


Coffee Blends. The Java Joint wishes to mix organic 
Kenyan coffee beans that sell for $7.25 per pound with 
organic Venezuelan beans that sell for $8.50 per pound 
in order to form a 50-Ib batch of Morning Blend that 
sells for $8.00 per pound. How many pounds of each 
type of bean should be used to make the blend? 


19. 


21. 


Horticulture. 
be mixed with a solution containing 40% fungicide to 
make 300 L ofa solution containing 36% fungicide. How 
much of each solution should be used? 


A solution containing 28% fungicide is to 


Printing. A printer knows that a page of print contains 
830 words if large type is used and 1050 words if small 
type is used. A document containing 11,720 words fills 
exactly 12 pages. How many pages are in the large type? 


in the small type? 


COST OF 
COFFEE $19 $20 
AMOUNT 
(in pounds) BG y 300 ->x+ y= ( 
MIXTURE 22y 20(300), ;|>19x+( ) 
or $6000 = 6000 
_4 


20. 


22. 


Production. Clear Shine window cleaner is 12% 
alcohol and Sunstream window cleaner is 30% alcohol. 
How much of each should be used to make 90 oz of a 
cleaner that is 20% alcohol? 


Paint Mixture. Amerchant has two kinds of paint. If 
9 gal of the inexpensive paint is mixed with 7 gal of the 
expensive paint, the mixture will be worth $19.70 per 
gallon. If3 gal of the inexpensive paint is mixed with 

5 gal of the expensive paint, the mixture will be worth 
$19.825 per gallon. What is the price per gallon of each 
type of paint? 
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23. 


25. 


27. Ages. 


29. Ages. 


31. 


Mixed Nuts. A customer has asked a caterer to provide 
60 lb of nuts, 60% of which are to be cashews. The caterer 
has available mixtures of 70% cashews and 45% cashews. 
How many pounds of each mixture should be used? 


Test Scores. Anna is taking a test in which items of 
type A are worth 10 points and items of type B are worth 
15 points. It takes 3 min to complete each item of type A 
and 6 min to complete each item of type B. The total 
time allowed is 60 min and Anna answers exactly 

16 questions. How many questions of each type did she 
complete? Assuming that all her answers were correct, 
what was her score? 


The Kuyatts’ house is twice as old as the 
Marconis’ house. Eight years ago, the Kuyatts’ house 
was three times as old as the Marconis’ house. How 
old is each house? 


Randy is four times as old as Marie. In 12 yr, 
Marie’s age will be half of Randy’s. How old are they now? 


Supplementary Angles. Supplementary angles are 
angles whose sum is 180°. Two supplementary angles 
are such that one is 30° more than two times the other. 
Find the angles. 


a ey, 
< a 
Supplementary angles 
x+ y= 180° 
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24. 


26. 


28. Ages. 


30. Ages. 


32. 


Mixture of Grass Seeds. Grass seed A is worth $2.50 per 
pound and seed B is worth $1.75 per pound. How much 
of each would you use in order to make 75 lb of a mixture 
worth $2.14 per pound? 


Gold Alloys. A goldsmith has two alloys that are differ- 
ent purities of gold. The first is three-fourths pure gold 
and the second is five-twelfths pure gold. How many 
ounces of each should be melted and mixed in order to 
obtain a 6-oz mixture that is two-thirds pure gold? 


David is twice as old as his daughter. In 4 yr, 
David's age will be three times what his daughter's 
age was 6 yr ago. How old are they now? 


Jennifer is twice as old as Ramon. The sum of 
their ages 7 yr ago was 13. How old are they now? 


Supplementary Angles. Two supplementary angles are 
such that one is 8° less than three times the other. Find 
the angles. 
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33. Complementary Angles. Complementary angles are 34. Complementary Angles. Two angles are comple- 


angles whose sum is 90°. Two complementary angles are mentary. One angle is 42° more than one-half the 
such that their difference is 34°. Find the angles. other. Find the angles. 
v 
x 
EEE 
Complementary angles 
x+ y= 90° 
35. Octane Ratings. In most areas of the United States, 36. Octane Ratings. Referring to Exercise 35, suppose the 
gas stations offer three grades of gasoline, indicated by pump grades offered are 85, 87, and 91. How much 
octane ratings on the pumps, such as 87, 89, and 93. 85-octane gas and 91-octane gas should be blended 
When a tanker delivers gas, it brings only two grades in order to make 12 gal of 87-octane gas? 
of gasoline, the highest and the lowest, filling two large Source: Exxon 


underground tanks. If you purchase the middle grade, 
the pump’s computer mixes the other two grades 
appropriately. How much 87-octane gas and 93-octane 
gas should be blended in order to make 18 gal of 
89-octane gas? 

Source: Exxon 


37. Cough Syrup. Dr. Zeke’s cough syrup is 2% alcohol. 38. Suntan Lotion. Lisa has a tube of Kinney’s suntan 
Vitabrite cough syrup is 5% alcohol. How much of each lotion that is rated 15 spf and a second tube of Copper- 
type should be used in order to prepare an 80-0z batch tone that is 30 spf. How many fluid ounces of each type 
of cough syrup that is 3% alcohol? of lotion should be mixed in order to create 50 fluid 


ounces of sunblock that is rated 20 spf? 
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Skill Maintenance 


Factor. 
39. 25x? — 81 


Find the intercepts. Then graph the equation. 
43. y = —2x -— 3 


[11.6a] 
40. 36 — a2 


[9.2a] 
44. y= —-0.1x + 0.4 


Simplify. [12.1c] 
x*—5x+6 x2 — 25 
47. —.—_ 48. ——_———_ 
x2-4 x? — 10x + 25 


Synthesis 


51. 


53. Automobile Maintenance. 


55. 


Milk Mixture. A farmer has 100 L of milk that is 4.6% 
butterfat. How much skim milk (no butterfat) should 
be mixed with it in order to make milk that is 3.2% 
butterfat? 


An automobile radiator 

contains 16 L of antifreeze and water. This mixture is 

30% antifreeze. How much of this mixture should be 

drained and replaced with pure antifreeze so that the 
mixture will be 50% antifreeze? 


A two-digit number is six times the sum of its digits. The 


tens digit is 1 more than the ones digit. Find the number. 
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Al. 4x2 + 100 


45. 5x — 2y = -10 


42. 4x2 — 100 


46. 2.5x + 4y = 10 


Subtract. [12.5a] 
K=2 2x%=5 x+7 3 
49. = 50. = 
x+3 x—-A4 x2-1 xt+1 


52. 


54. 


One year, Shannon made $85 from two investments: 
$1100 was invested at one yearly rate and $1800 at a rate 
that was 1.5% higher. Find the two rates of interest. 


Employer Payroll. An employer has a daily payroll of 
$1225 when employing some workers at $80 per day 
and others at $85 per day. When the number of $80 
workers is increased by 50% and the number of $85 
workers is decreased by 4, the new daily payroll is $1540. 
How many were originally employed at each rate? 
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We first studied problems involving motion in Chapter 12. Here we extend 
our problem-solving skills by solving certain motion problems whose 
solutions can be found using systems of equations. Recall the motion formula. 


THE MOTION FORMULA 


Distance = Rate (or speed) - Time 
d=rt 


We use five steps for problem solving. The tips in the margin at right are 
also helpful when solving motion problems. 

As we saw in Chapter 12, there are motion problems that can be solved 
with just one equation. Let’s start with another such problem. 


! EXAMPLE1 CarTravel. Two cars leave Ashland at the same time travel- 
ing in opposite directions. One travels at 60 mph and the other at 30 mph. In 
how many hours will they be 150 mi apart? 


1. Familiarize. We first make a drawing. 


Distance of faster car 


Distance of slower car 


150 miles 


From the wording of the problem and the drawing, we see that the dis- 
tances may not be the same. But the times that the cars travel are the 
same, so we can use just ¢ for time. We can organize the information in 
a chart. 


d = ro. t 
DISTANCE SPEED TIME 
FASTER Distance of 
CAR faster car 60 t 


SLOWER Distance of 
CAR slower car 30 if 


150 


TIPS FOR SOLVING 
MOTION PROBLEMS 


1. Draw a diagram using an 
arrow Or arrows to represent 
distance and the direction 
of each object in motion. 


. Organize the information in 
a chart. 


. Look for as many things as 


you can that are the same 
so that you can write 
equations. 


STUDY TIPS 


AVOID OVERCONFIDENCE 


Sometimes a topic that seems 
familiar may arise and you find 
yourself tempted to take a 
vacation from your studies, 
thinking “I know this already.” Try 
to resist this temptation. Often a 
new element is included that will 
catch the unsuspecting student by 
surprise. If indeed the material is 
review, use this as a chance to 
review other more challenging 
material. 
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2. Translate. From the drawing, we see that 
(Distance of faster car) + (Distance of slower car) = 150. 
Then using d = rt in each row of the table, we get 
60¢ + 30¢ = 150. 
iCariele Teens Ieee 3. Solve. We solve the equation: 


town at the same time traveling 60t + 30t = 150 
in opposite directions. One 


travels at 48 mph and the other 90t = 150 Collecting like terms 
at 60 mph. How far apart will _ 10 5 2 sags 
they be 3 hr later? (Hint: The f 90’ ae 3 on 3 be Dividing by 28 


times are the same. Be sure to 


5 
make a drawing.) 4. Check. When t = hr, 


2. Car Travel. Two cars leave (Distance of faster car) + (Distance of slower car) 
town at the same time traveling 
in the same direction. One 


travels at 35 mph and the other : 5 2 
ial savalby En lags amet BOLTS Thus the time of 3 hr, or 1§ hr, checks. 


will they be 15 mi apart? (Hint: 5. State. In 12 hr, the cars will be 150 mi apart. } 
The times are the same. Be sure 


to make a drawing.) Do Exercises 1 and 2. J 


Now let’s solve some motion problems using systems of equations. 


o(3)-4() 


100 + 50, or 150 mi. 


. EXAMPLE 2. TrainTravel. Atrain leaves Stanton traveling east at 35 miles 
per hour (mph). An hour later, another train leaves Stanton on a parallel track 
at 40 mph. How far from Stanton will the second (or faster) train catch up with 
the first (or slower) train? 


1. Familiarize. We first make a drawing. 


From the drawing, we see that the distances are the same. Let’s call the 
distance d. We don't know the times. We let t = the time for the faster 
train. Then the time for the slower train = t + 1, since it left 1 hr earlier. 
We can organize the information in a chart. 


DISTANCE | SPEED | TIME 
SLOWER TRAIN >d = 35(t + 1) 


) Fasren Ta | TRAIN 40 i -—> d = 40t 


4 


Answers 
1.324mi =. 2. 3hr 
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2. Translate. In motion problems, we look for quantities that are the same 
so that we can write equations. From each row of the chart, we get an 
equation, d = rt. Thus we have two equations: 

d=35(¢+ 1), () 
d = 40t. (2) 


3. Solve. Since we have a variable alone on one side, we solve the system 
using the substitution method: 


35(t + 1) = 40¢ Using the substitution method (substituting 
35(t + 1) for din equation 2) 
35t + 35 = 40¢ Removing parentheses 
35 = 5¢ Subtracting 35r 


35 
5 t Dividing by 5 
7=t. 


The problem asks us to find how far from Stanton the faster train catches 
up with the other. Thus we need to find d. We can do this by substituting 7 
for tin the equation d = 40t: 


d = 40(7) 
d = 280. 
4. Check. If the time is 7 hr, then the distance that the slower train travels 3. Car Travel. Acar leaves 
is 35(7 + 1), or 280 mi. The faster train travels 40(7), or 280 mi. Since the Spokane traveling north at 
distances are the same, we know how far from Stanton the trains will be 56 a h. ae alt oe 
when the faster train catches up with the other. SEOLEDIO Ls Belon areca 


north at 84 km/h. How far 
from Spokane will the second 
car catch up with the first? 
(Hint: The cars travel the 


Do Exercise 3. same distance.) 


' EXAMPLE 3. BoatTravel. A motorboat took 3 hr to make a downstream 
trip with a 6-km/h current. The return trip against the same current took 5 hr. 
Find the speed of the boat in still water. 


5. State. The faster train will catch up with the slower train 280 mi from 
Stanton. ) 


Downstream, 7 + 6 
6-km/h current, 3 hours, 
d kilometers 


1. Familiarize. We first make a drawing. From the drawing, we see that 
the distances are the same. Let’s call the distance d. We let r = the speed 
of the boat in still water. Then, when the boat is traveling downstream, its 
speed is r + 6. (The current helps the boat along.) When it is traveling 


Answer 
upstream, its speed is r — 6. (The current holds the boat back.) 


3. 168 km 
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4. Air Travel. An airplane flew for 
5 hr with a 25-km/h tail wind. 
The return flight against the 
same wind took 6 hr. Find the 
speed of the airplane in still air. 
(Hint: The distance is the same 
both ways. The speeds are 
r + 25 andr — 25, where ris the 
speed in still air.) 


Answer 
4. 275 km/h 


We can organize the information in a chart. In this case, the distances 
are the same, so we use the formula d = rt. 


d a r . t 
DISTANCE SPEED TIME 
DOWNSTREAM d Paris So) —>d= (r+ 6)3 


UPSTREAM d 


r= Dy > d= (r- 6)5 


2. Translate. From each row of the chart, we get an equation, d = rt: 


d=(r+6)3, (1) 
d=(r-—6)5. — (2) 


3. Solve. Since there is a variable alone on one side of an equation, we 
solve the system using substitution: 


(r + 6)3 = (r — 6)5 
3r + 18 = 5r — 30 


—2r+ 18 = —30 
—2r = —48 
—48 
= —~, or 24, 
r = or 


Substituting (r + 6)3 for din equation (2) 
Removing parentheses 

Subtracting 5r 

Subtracting 18 


Dividing by —2 


4. Check. When r= 24,r+ 6 = 24 + 6, or30, and 30-3 = 90, the dis- 
tance downstream. When r = 24,r — 6 = 24 — 6,or 18, and 18-5 = 90, 
the distance upstream. In both cases, we get the same distance so the 


answer checks. 


5. State. The speed in still water is 24 km/h. b 


Do Exercise 4. 


MORE TIPS FOR SOLVING 


MOTION PROBLEMS 


1. Translating to a system of equations eases the solution of many 


motion problems. 


2. At the end of the problem, always ask yourself, “Have I found what 
the problem asked for?” You might have solved for a certain 
variable but still not have answered the question of the original 
problem. For instance, in Example 2 we solve for t but the question 
of the original problem asks for d. Thus we need to continue the 


Solve step. 
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Translating 
for Success 


6. Triangle Dimensions. The 
length of one leg of a right 


1. CarTravel. Two cars leave town 
at the same time traveling in 


opposite directions. One travels The goal of these matching questions is triangle is 8 m. The length of the 
50 mph and the other travels to practice step (2), Translate, of the hypotenuse is 4 m longer than 
55 mph. In how many hours will five-step problem-solving process. the length of the other leg. Find 
they be 500 mi apart? Translate each word problem to an the lengths of the hypotenuse 
equation or a system of equations and and the other leg. 
select a correct translation from A-O. 
A. 20%x + 60%y = 50% - 10, 
2. Mixture of Solutions Solution A x+y=10 7. Costs of Promotional Buttons. 
is 20% alcohol and solution B is The vice-president of the 
60% alcohol. How much of each . 18+ 0.35x = 100 Spanish club has $100 to 
should be used in order to make spend on promotional buttons 
10 Lofa solution that is 50% . 55x + 50x = 500 for membership week. There is a 
alcohol? setup fee of $18 and a cost of 


35¢ per button. How many 


. lix+ =] 
eae buttons can he purchase? 


3. Triangle Dimensions. The 
height of a triangle is 3 cm less 
than the base. The area is 27 cm”. 
Find the height and the base. 


8. Triangle Measures. The second 

angle of a triangle measures 

36° more than three times the 

measure of the first. The 

measure of the third angle is 

7° less than the measure of the 

first. Find the measure of each 
4. Fish Population. To determine angle of the triangle. 
the number of fish in a lake, a 
conservationist catches 85 fish, 
tags them, and throws them back 
into the lake. Later, 60 fish are 
caught, 25 of which are tagged. 
How many fish are in the lake? 


9. Complementary Angles. Two 
angles are complementary. One 
angle measures 36° more than 
three times the measure of the 

- 20x + 60y = 5, other. Find the measure of each 
x+y= 10 angle. 

5. Supplementary Angles. Two - x + (3x + 36) + (x — 7) = 180 


angles are supplementary. One 10. Work Time. It takes Maggie 


angle measures 36° more than - 18 + 35x = 100 11 hr to paint a room. It takes 
three times the measure of the Claire 9 hr to paint the same 
other. Find the measure of bi 25 room. How long would it take 
each angle. 85 60 to paint the room if they worked 


together? 


O. x + (3x + 36) = 90 


Answers on page A-32 


| Exercise Set } 


(a) Solve. In Exercises 1-6, complete the chart to aid the translation. 


1. CarTravel. Two cars leave town at the same time going 
in the same direction. One travels at 30 mph and the 
other travels at 46 mph. In how many hours will they be 
72 mi apart? 


2. Car and Truck Travel. 
service station at the same time and travel in the same 
direction. The truck travels at 55 mph and the car at 
40 mph. They can maintain CB radio contact within a 


A truck and a car leave a 


range of 10 mi. When will they lose contact? 


d 


DISTANCE 


Distance of 


SLOWER CAR slow car 


Distance of 
fast car 


FASTER CAR 


3. Train Travel. A train leaves a station and travels east at 
72 mph. Three hours later, a second train leaves on a 
parallel track and travels east at 120 mph. When will it 


4. Airplane Travel. 
and flies due south at 192 mph. Two hours later, a jet 
leaves the same airport and flies due south at 960 mph. 


d = r . t 
DISTANCE SPEED 
TRUCK Distance of truck | EB) | 


Distance of car 


A private airplane leaves an airport 


overtake the first train? When will the jet overtake the plane? 

d = r t d = r . t 
SLOWER PRIVATE 
TRAIN d t+3 d=72( ) (RIE 192 L->d = 192( 
FASTER t |>d=( 
TRAIN d 120 d=( )t ) 


5. Canoeing. A canoeist paddled for 4 hr with a 6-km/h 
current to reach a campsite. The return trip against the 
same current took 10 hr. Find the speed of the canoe in 


6. Airplane Travel. 
20-km/h tail wind. The return flight against the same 
wind took 5 hr. Find the speed of the plane in still air. 


An airplane flew for 4 hr with a 


still water. 
r 7 t 
DISTANCE TIME 
DOWN- d = ( 
STREAM pare © L>d = ( 
AGAINST 
UPSTREAM d | | 10 +> = (r—6)10 WIND d = ( 
y 


It takes a passenger train 2 hr less time 


7. Train Travel. 
than it takes a freight train to make the trip from Central 
City to Clear Creek. The passenger train averages 
96 km/h, while the freight train averages 64 km/h. 

How far is it from Central City to Clear Creek? 
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8. Airplane Travel. 


It takes a small jet 4 hr less time than 
it takes a propeller-driven plane to travel from Glen 
Rock to Oakville. The jet averages 637 km/h, while the 
propeller plane averages 273 km/h. How far is it from 
Glen Rock to Oakville? 


)(2) 


) 


)5 
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9. 


11. 


13. 


Motorboat Travel. Onaweekend outing, Antoine rents 
a motorboat for 8 hr to travel down the river and back. 
The rental operator tells him to go downstream for 3 hr, 
leaving him 5 hr to return upstream. 


a) If the river current flows at a speed of 6 mph, how fast 
must Antoine travel in order to return in 8 hr? 

b) How far downstream did Antoine travel before he 
turned back? 


Running. A toddler starts running down a sidewalk at 
230 ft/min. One minute later, a worried mother runs 
after the child at 660 ft/min. When will the mother 
overtake the toddler? 


Motorcycle Travel. A motorcycle breaks down and the 
rider must walk the rest of the way to work. The motor- 
cycle was being driven at 45 mph, and the rider walks at 
a speed of 6 mph. The distance from home to work is 

25 mi, and the total time for the trip was 2 hr. How far 
did the motorcycle go before it broke down? 


Skill Maintenance 


Simplify. [12.1c] 
2 5x8y4 
ig, ig 
24x 10x3y 
2x2 — 50 2] 
in 20. ~ 
x* — 25 x4-1 
x? + 6x + 9)(x — 2 2495 
23, { eS 24, > 
(x? — 4)(x + 3) x? — 25 


Synthesis 


27. 


Lindbergh’s Flight. Charles Lindbergh flew the Spirit of 
St. Louis in 1927 from New York to Paris at an average 
speed of 107.4 mph. Eleven years later, Howard Hughes 
flew the same route, averaged 217.1 mph, and took 16 hr 
and 57 min less time. Find the length of their route. 


10. Airplane Travel. 


12 


14 


17. 


21. 


25 


28 


29 


For spring break, a group of students 
flew to Cancun. From Mexico City, the airplane took 2 hr 
to fly 600 mi against a head wind. The return trip with 
the wind took 1 hr. Find the speed of the plane in 

still air. 


Airplane Travel. ‘Two airplanes start at the same time 
and fly toward each other from points 1000 km apart at 
rates of 420 km/h and 330 km/h. When will they meet? 


Walking and Jogging. A student walks and jogs to 
college each day. She averages 5 km/h walking and 

9 km/h jogging. The distance from home to college is 
8 km, and she makes the trip in 1 hr. How far does the 
student jog? 


5a+ 15 18 12x — 24 

10 “48 
x* — 3x — 10 6x? + 15x — 36 
> 22... 
x2 — 2x - 15 2x2 -— 5x +3 
6x2 + 18x + 12 x3 + 3x2 + 2x4+ 6 
—_—_ 26. 

6x2 — 6 2x3 + 6x2 +x4+3 
Car Travel. Acar travels from one town to another at a 


speed of 32 mph. If it had gone 4 mph faster, it could 
have made the trip in $ hr less time. How far apart are 
the towns? 


River Cruising. An afternoon sightseeing cruise up 
river and back down river is scheduled to last 1 hr. The 
speed of the current is 4 mph, and the speed of the 
riverboat in still water is 12 mph. How far upstream 
should the pilot travel before turning around? 
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Summary and Review 


Key Terms and Properties 


system of equations, p. 994 substitution method, p. 1001 
solution of a system of equations, p. 994 elimination method, p. 1008 


Motion Formula: d= rt 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. Asystem of two equations can have exactly two solutions. [13.1b] 


2. The solution(s) of a system of two equations can be found by determining where the 
graphs of the equations intersect. [13.1b] 


3. When we obtain a false equation when solving a system of equations, the system has 
no solution. [13.3b] 


4. Ifa system of equations has infinitely many solutions, then any ordered pair is a 
solution. [13.1b] 


Important Concepts 


Objective 13.1a Determine whether an ordered pair is a solution of a system of equations. 


Example Determine whether (2, —3) is a solution of each Practice Exercise 
system of equations. 1. Determine whether (—2, 1) is a solution of the system 
a) y=x-5, b) x+ y=-l, of equations 
2x+y=3 x—-2y=8 x+3y=1 
a) Using alphabetical order of the variables, we substitute 2 y=x+3. 
for x and —3 for y in both equations. 
y=xu-5 2x+y=3 
-322-5 2-2+(-3) 23 
|-3 TRUE 4-3 
1 FALSE 


The pair (2, —3) is not a solution of 2x + y = 3, so itis 
not a solution of the system of equations. 


b) Again, we use alphabetical order of the variables, substi- 
tuting 2 for x and —3 for y in both equations. 


x+y=-1 x—2y=8 
2 + (-3) 2? -1 2 =9(-3) 26 
-1 | TRUE 24+6 
8 TRUE 


The pair (2, —-3) checks in both equations, so it is a 
solution of the system of equations. 
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Objective 13.1b Solve systems of two linear equations in two variables by graphing. 


Example Solve this system of equations by graphing: Practice Exercise 
x-y=l1, 2. Solve this system of equations by graphing: 
y=2x-4. 2x + 3y = 2, 
We graph the equations. x+ y=2. 


1234 5 5x 


The point of intersection appears to be (3, 2). We check 


this pair. 
x-y=l1 y=2x-4 
32. ¢ 1 222-3-4 
1 | TRUE 6-4 
2 TRUE 


The pair (3, 2) checks in both equations. It is the solution. 


Objective 13.2b Solve a system of two equations in two variables by the substitution method 
when neither equation has a variable alone on one side. 


Example Solve the system Practice Exercise 
x—2y=1, (1) 3. Solve the system of equations 
2x = 3y = 3. (2) x+ y=-l, 
We solve equation (1) for x, since the coefficient of x is 2x + 5y = 1. 


1 in that equation: 
x-2y=1 
x=2y+1. (3) 
Now we substitute 2y + 1 for x in equation (2) and solve for y: 
2x — 3y = 3 
2(2y + 1) - 3y=3 
4y+2-3y=3 
yt+2=3 
y=l. 
Next, we substitute 1 for y in either equation (1), (2), or (3) 


and find x. We choose equation (3) since it is already 
solved for x: 


x=2y+1=2-14+1=24+1=3. 
We check the ordered pair (3, 1) in both equations. 


x—-2y=1 2% = 3y = 3 
3=2+12¢1 223 = 321 $3 
32 6-3 
1 TRUE 3 TRUE 


The pair (3, 1) checks in both equations. It is the solution. 
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Objective 13.3b Solve a system of two equations in two variables using the elimination method 
when multiplication is necessary. 


Example Solve the system Practice Exercise 

2a — 3b= 7, (1) 4. Solve the system of equations 

3a — 2b = 8. (2) 3x + 2y = 6, 

We could eliminate either a or b. Here we decide to x- y=7. 
eliminate the a-terms. 
6a — 9b = 21 Multiplying equation (1) by 3 
—6a + 4b = —-16 Multiplying equation (2) by —2 
—5b=5 Adding 


b=-1 Solving for b 


Next, we substitute —1 for b in either of the original 
equations: 


2a-—3b=7 Equation (1) 
2a — 3(-1) =7 


2a+3=7 
2a=A4 
a= 2. 


The ordered pair (2, —1) checks in both equations, so it is 
the solution of the system of equations. 


Review Exercises 


Determine whether the given ordered pair is a solution of 7. 3x — 2y = —4, y 
the system of equations. [13.1a] 2y — 3x = -2 5 
1. (6,-1); x -y =3, 2. (2,-3); 2x +y=1, . 
2x + Sy =6 x- y= 2 
3. (-2,1); x + 3y = 1, 4, (-4,-1); x -— y = 3, j 
2x-y=-5 x+y=-5 es onencea ee 
2 
Solve each system by graphing. [13.1b] +3 
“4 
5.x+ y= 3, YA 5 
x-~ y= 5 
4 
3 
2 
1 


> 
—5-4-3-2-1 12345 x 


> 
12345 :x 


Solve each system using the substitution method. [13.2a, b] 


=2 8B y=5-x, 9x+y=6, 
3 3x — 4y = —20 y=3- 2x 

—4 

ra) 

6. x — 3y = 3, VR 7 7 

2x — 6y = 6 5 10.x—y=4, les t= 5, 
4 y=2-x s=13 — 3t 

3 

2 

1 

> 

A nL area ee ee 12. x + 2y = 6, 13. 3x + y= 1, 
= 2x + 3y=8 ¢=0y—4 
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Solve each system using the elimination method. [13.3a, b] 
14. x+y=4, 15. x+ 2y=9, 

24> y= 5 3x =— 2y = =5 
16. x- y=8, 17, 2x + 3y = 8, 

2x —-2y=7 5x + 2y = —2 
18. 5x — 2y = 2, 19. -—x —y=—-5, 

3x — 7y = 36 2x-y=4 
20. 6x + 2y =4, 21. —6x — 2y =5, 

10x + 7y = -8 12x + 4y = —10 
22.2x+ y=-3, 

—3y=-%3 

Solve. [13.2c], [13.4a] 
23. Rectangle Dimensions. The perimeter of a rectangle is 


24, 


25. 


26. 


96 cm. The length is 27 cm more than the width. Find the 
length and the width. 


Paid Admissions. There were 508 people at a choral 
concert. Orchestra seats cost $25 each and balcony seats 
cost $18 each. The total receipts were $11,223. Find the 
number of orchestra seats and the number of balcony 
seats sold for the concert. 


Window Cleaner. Clear Shine window cleaner is 
30% alcohol, whereas Sunstream window cleaner is 
60% alcohol. How much of each is needed to make 
80 L of a cleaner that is 45% alcohol? 


Weights of Elephants. A zoo has both an Asian and an 
African elephant. The African elephant weighs 2400 kg 
more than the Asian elephant. Together, they weigh 
12,000 kg. How much does each elephant weigh? 


Asian elephant African elephant 


ted | 


27. Mixed Nuts. Sandy’s Catering needs to provide 13 lb 
of mixed nuts for a wedding reception. The wedding 
couple has allocated $71 for nuts. Peanuts cost $4.50 
per pound and fancy nuts cost $7.00 per pound. How 
many pounds of each type should be mixed? 


28. Octane Ratings. The octane rating of a gasoline is 
a measure of the amount of isooctane in the gas. 
How much 87-octane gas and 95-octane gas should 
be blended in order to make a 10-gal batch of 
93-octane gas? 

Source: Champlain Electric and Petroleum Equipment 


29. Age. Jeffis three times as old as his son. In 13 yr, Jeff 
will be twice as old as his son. How old is each now? 


30. Complementary Angles. Two angles are comple- 
mentary. Their difference is 26°. Find the measure 
of each angle. 


31. Supplementary Angles. Two angles are supplementary. 
Their difference is 26°. Find the measure of each angle. 


Solve. [13.5a] 


32. Air Travel. An airplane flew for 4 hr with a 15-km/h 
tail wind. The return flight against the wind took 5 hr. 
Find the speed of the airplane in still air. 


DISTANCE 


WITH WIND 


AGAINST WIND 


33. Car Travel. One car leaves Phoenix, Arizona, on 
Interstate highway I-10 traveling at a speed of 55 mph. 
Two hours later, another car leaves Phoenix traveling 
in the same direction on I-10 at a speed of 75 mph. 
How far from Phoenix will the second car catch up 
to the first? 


ys ___| 


d r > ¢£ 
DISTANCE 
SLOWER CAR | 
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Solve each system of equations. [13.1b], [13.2a, b], [13.3a, b] 
34. y=x- 2, 
x— 2y=6 


A. The y-value is 0. 

B. The y-value is —12. 
C. The y-value is —2. 
D. The y-value is —4. 


35. 3x + 2y = 5, 
x- ys 
A. The x-value is 3. 
B. The x-value is 2. 
C. The x-value is —2. 
D. The x-value is —3. 


Synthesis 
36. The solution of the following system is (6, 2). Find C 
and D. [13.1la] 
2x — Dy = 6, 
Cx + 4y = 14 
37. Solve: [13.2a] 
3(x-—y)=4+4%, 
x = Sy + 2. 


38. Value ofa Horse. Stephanie agreed to work as a 
stablehand for 1 yr. At the end of that time, she was to 
receive $2400 and a horse. After 7 months, she quit the 
job, but still received the horse and $1000. What was 
the value of the horse? [13.4a] 


Each of the following shows the graph of a system of 
equations. Find the equations. [9.4c], [13.1b] 


39. 40. 


41. Ancient Chinese Math Problem. Several ancient 
Chinese books included problems that can be solved 
by translating to systems of equations. Arithmetical 
Rules in Nine Sections is a book of 246 problems 
compiled by a Chinese mathematician, Chang Tsang, 
who died in 152 B.c. One of the problems is: Suppose 
there are a number of rabbits and pheasants confined 
in a cage. In all, there are 35 heads and 94 feet. How 
many rabbits and how many pheasants are there? 
Solve the problem. [13.4a] 


Understanding Through Discussion and Writing 


1. James can tell by inspection that the system 
2x- y=3, 
—4x + 2y = -6 
has an infinite number of solutions. How did he deter- 
mine this? [13.1b] 


2. Explain how the addition and multiplication principles 


are used to solve systems of equations using the elimi- 
nation method. [13.3a, b] 


3. Which of the five problem-solving steps have you 
found the most challenging? Why? [13.4a], [13.5a] 


4. Discuss the advantages of using a chart to organize 
information when solving a motion problem. [13.5a] 


\ 
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CHAPTER 


For Extra Help 
Mies bop 


13 Test 


1. Determine whether the given ordered pair is a solution 
of the system of equations. 


(2,13 Be = oy = 4, 
x=4+ 2y 


Solve each system using the substitution method. 


3.y=6-x, 4.x + 2y=5, 
Reh) a ey x+y=2 


Solve each system using the elimination method. 


1 
6. x-y=6, a , 
-y== 
one ar V 2 1,2 , 
a 0S" 
Solve. 


10. Rectangle Dimensions. The perimeter of a rectangular 
field is 8266 yd. The length is 84 yd more than the width. 
Find the length and the width. 


12. Motorboat Travel. A motorboat traveled for 2 hr with 
an 8-km/h current. The return trip against the same 
current took 3 hr. Find the speed of the motorboat in 
still water. 


Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
on DVD, in MymathLab)) _ and on You§jilii): (search “BittingerDevMath” and click on “Channels”). 


2. Solve this system by graphing. Show your work. 


26 = W= Sp 
x-—2y=4 
y 
5 
4 
3 
2 
1 
SSL | Lease sz 
=2 
+3 
=4 
+5 
bb = Se = 2, 


= 2 = 8 


8. —4x — 9y = 4, 
64> Sy = I 


Ch Ae sr Sip = 18), 
3x = oy, — LO 


11. Mixture of Solutions. Solution A is 25% acid, and 


solution B is 40% acid. How much of each is needed to 
make 60 L of a solution that is 30% acid? 


13. Carnival Income. A traveling carnival has receipts of 


$4275 one day. Twice as much was made on concessions 
as on the rides. How much did the concessions bring in? 
How much did the rides bring in? 


Test: Chapter 13 1043 


14. 


16. 


18. 


Farm Acreage. The Rolling Velvet Horse Farm allots 
650 acres to plant hay and oats. The owners know that 
their needs are best met if they plant 180 acres more 
of hay than of oats. How many acres of each should 
they plant? 


Octane Ratings. The octane rating of a gasoline is a 
measure of the amount of isooctane in the gas. How 
much 87-octane gas and 93-octane gas should be 
blended in order to make 12 gal of 91-octane gas? 
Source: Champlain Electric and Petroleum Equipment 


SkiTrip. A group of students drove both a car and 
an SUV on aski trip. The car left first and traveled at 


55 mph. The SUV left 2 hr later and traveled at 65 mph. 


How long did it take the SUV to catch up to the car? 


Synthesis 


20. Find the numbers Cand D such that (—2, 3) is a solution 


of the system 
Cx — 4y = 7, 
3x + Dy = 8. 


15. 


17. 


19. 


21. 


Supplementary Angles. Two angles are supplementary. 
One angle measures 45° more than twice the measure of 


the other. Find the measure of each angle. 


Phone Rates. A telephone company offers a domestic 
calling plan for $2.95 per month plus 10¢ per minute. 
Another plan charges $1.95 per month plus 15¢ per 
minute. For what number of minutes will the two plans 
cost the same? 


Solve: x — 2y = 4, 

2% — 3y/="3: 
Both x and y are positive. 
. xis positive; y is negative. 
. xis negative; y is positive. 
. Both x and y are negative. 


pomP> 


Ticket Line. Lily is in line at a ticket window. There are 
two more people ahead of her than there are behind 
her. In the entire line, there are three times as many 
people as there are behind her. How many are ahead 

of Lily in line? 


Each of the following shows the graph of a system of equations. Find the equations. 


Zee 
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Radical Expressions 


and Equations 


14.1 Introduction to 
Radical Expressions 


14.2 Multiplying and Simplifying 
with Radical Expressions 
14.3 Quotients Involving 
Radical Expressions 
MID-CHAPTER REVIEW 


14.4 Addition, Subtraction, 
and More Multiplication 


14.5 Radical Equations 


14.6 Applications with 
Right Triangles 


TRANSLATING FOR SUCCESS 3 
SUMMARY AND REVIEW 
TEST 


Real-World Application 


Ramps.com of America sells Landwave ramps and decks that can be combined to 
create a skateboard ramp as high or as wide as one wants. The dimensions of the 
basic ramp unit are 28 in. wide, 38.5 in. long, and 12 in. high. (a) What is the length of 
the skating surface of one ramp unit? (b) How many ramp units are needed for a 
10-ft long skating surface? 


Source: www.ramps.com 


This problem appears as Example 5 in Section 14.6. 
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SKILL TO REVIEW 


Objective 1.6b: Evaluate exponential 


expressions. 


Evaluate. 
1. 72 


(a) Square Roots 


When we raise a number to the second power, we have squared the number. 
Sometimes we may need to find the number that was squared. We call this 
process finding a square root of a number. 


Every positive number has two square roots. For example, the square 
roots of 25 are 5 and —5 because 5* = 25 and (—5)* = 25. The positive square 
root is also called the principal square root. The symbol V is called a 
radical* (or square root) symbol. The radical symbol represents only the prin- 
cipal square root. Thus, V25 = 5. To name the negative square root of anum- 
ber, we use — V . The number 0 has only one square root, 0. 


! EXAMPLE 1 Find the square roots of 81. 
The square roots are 9 and-— 9. ) 


| EXAMPLE 2 Find V225. 


There are two square roots of 225, 15 and —15. We want the principal, or 
positive, square root since this is what\V_ represents. Thus,V225 = 15. 


! EXAMPLE 3 Find —-V64. 


The symbol V 64 represents the positive square root. Then — V64 repre- 
sents the negative square root. That is, V64 = 8, so—V64 = —8. ) 


Do Margin Exercises 1-10. J 


Find dhe square roots. We can think of the processes of “squaring” and “finding square roots” as 

1. 36 2. 64 inverses of each other. We square a number and get one answer. When we find 

the square roots of the answer, we get the original number and its opposite. 

ah IAI 4. 144 

Find the following. z 
: : Squaring 

5. V16 6. V49 

7. V100 8. V 441 

9. —V49 10. — V169 
Answers 
Skill to Review: 

1 
149 2.7 
Margin Exercises: 
1.6,-6 2.8,-8 3. 11,-11 *Radicals can be other than square roots, but we will consider only square-root radicals in 
4.12,-12 5.4 67 7. 10 Chapter 14. See Appendix J for other types of radicals. 
8.21 9-7 10. -13 
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(b) Approximating Square Roots 
We often need to use rational numbers to approximate square roots that are 
irrational. Such approximations can be found using a calculator with a 


square-root key W). 


| EXAMPLES Use acalculator to approximate each of the following. 


Using a calculator with Rounded to three Use a calculator to approximate 
Number a 10-digit readout decimal places each of the following square roots to 
4. 10 3.162277660 3.162 three decimal places. 
5. —V583.8 —24.16195356 ~24.162 nh 8 He VL 
4 a 
6. _ 0.934198733 0.934 ) Bp iN) BeOS 
2 203.4 
Do Exercises 11-16. a 3 i - (8 


(c) Applications of Square Roots 


We now consider an application involving a formula with a radical expression. 


! EXAMPLE 7 Speed ofaSkidding Car. After an accident, how do 
police determine the speed at which the car had been traveling? The 
formula r = 2\/5L can be used to approximate the speed r, in miles per 
hour, of a car that has left a skid mark of length L, in feet. What was the 
speed of a car that left skid marks of length (a) 30 ft? (b) 150 ft? 


a) We substitute 30 for L and find an approximation: 


r= 2V5L = 2V5- 30 = 2V150 & 24.495. 


The speed of the car was about 24.5 mph. 
b) We substitute 150 for L and find an approximation: 


r= 2V5L = 25-150 & 54.772. 17. Speed of a Skidding Car. 
Referring to Example 7, 
The speed of the car was about 54.8 mph. i 


determine the speed of a car 
that left skid marks of length 


Do Exercise 17. (a) 40 ft; (b) 123 ft. 


m Calculator Corner 


Approximating Square Roots 1o approximate V/18, we press QO @ (18) ee 
pp Gi. (Vis the second operation associated with the @gp key.) Although it is not necessary ~V(6.65) ; 
for this example to include the right parenthesis, we do so here in order to close the set of parentheses cca 


that are opened when the graphing calculator displays the radical sign. To approximate — V 8.65, we 
press M QD OOO Sp Gwe. We see that Vi8 = 4.243 and —V/8.65 © —2.941. 


Exercises: Use a graphing calculator to approximate each of the following to three decimal places. 


1. V43 2. V101 3. V 10,467 
2 11 
4. ./= - —V9406 6. — 
5 a 17 
L ) 
Answers 


11. 3.873 12. 5.477 13. 31.305 
14. —25.842 15. 0.816 16. —1.732 
17. (a) About 28.3 mph; (b) about 49.6 mph 
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Identify the radicand. 
18. V227 
19. —V45 + x 
x 
20. 
q Sear 2 
PAL GRY a= qevl 


Determine whether each expression 
represents a real number. Write “yes” 
or “no.” 


22 NLS 28}, WH 25 
2h, = WH se Ay, =V3e 
Answers 


18. 227 19. 45+x 20. 


21.x2+4 22. Yes 23. No 
24. No 25. Yes 


‘d) Radicands and Radical Expressions 


When an expression is written under a radical, we have a radical expression. 
Here are some examples: 


VI4, Vx, 8Vx24+4, 


The expression written under the radical is called the radicand. 


EXAMPLES Identify the radicand in each expression. 


8. —V105 The radicand is 105. 
9. Vx +2 The radicand is x. 
10. Vx + 2 The radicand is x + 2. 
11. 6Vy2—5 The radicand is y? — 5. 
12. a The radicand is it a " 
a+b a+b I 


Do Exercises 18-21. 


‘e) Expressions That Are Meaningful 
™ as Real Numbers 


The square of any nonzero number is always positive. For example, 8* = 64 
and (—11)* = 121. There are no real numbers that when squared yield nega- 
tive numbers. Thus, V—100 does not represent a real number because there is 
no real number that when squared yields — 100. We can try to square 10 and —10, 
but we know that 10? = 100 and (—10)? = 100. Neither square is —100. Thus 
the following expressions do not represent real numbers (they are meaning- 
less as real numbers): 


V-100, V-49, -Vv-3. 


EXCLUDING NEGATIVE RADICANDS 


Radical expressions with negative radicands do not represent real 
numbers. 


Later in your study of mathematics, you may encounter a number system 
called the complex numbers in which negative numbers have defined square 
roots. 


Do Exercises 22-25. J 
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{ f ) Perfect-Square Radicands 


The expression V x2, witha perfect-square radicand, x”, can be troublesome 
to simplify. Recall that V denotes the principal square root. That is, the an- 
swer is nonnegative (either positive or zero). If x represents a nonnegative 
number, Vx2 simplifies to x. If x represents a negative number, Vx? simpli- 
fies to —x (the opposite of x), which is positive. 

Suppose that x = 3. Then 


Vx? = V3? = V9 = 3. 
Suppose that x = —3. Then 
Vx? = V(-3)? = V9 = 3, the opposite of —3. 


Note that 3 is the absolute value of both 3 and —3. In general, when replace- 
ments for x are considered to be any real numbers, it follows that 


Vx? = |x, 
and when x = 3o0rx = —3, 


Vx? = V3? = |3]}=3 and Vx? = V(-3)? = |-3] = 3. 


PRINCIPAL SQUARE ROOT OF A? 


For any real number A, 
VaA2 = |Al. 


(That is, for any real number A, the principal square root of A? is the 
absolute value of A.) 


EXAMPLES Simplify. Assume that expressions under radicals represent 
any real number. 


13. V10 = |10| = 10 14, V(-7)? = |-7| =7 
15. V (3x)? = |3x| = 3|x Absolute-value notation is necessary. 
16. Va*b? = V(ab)* = |ab| 


17, Vx2 + Qx+1= V(x+ 1)? = [x41] 


| Do Exercises 26-31. 


Fortunately, in many cases, it can be assumed that radicands that are 
variable expressions do not represent the square of a negative number. When 
this assumption is made, the need for absolute-value symbols disappears. 
Then 


forx=0, Vx*=x, 


since x is nonnegative. 


PRINCIPAL SQUARE ROOT OF A” 
For any nonnegative real number A, 


VA2 = A, 


(That is, for any nonnegative real number A, the principal square root 
of A? is A.) 


Simplify. Assume that expressions 
under radicals represent any real 
number. 


26. V(-13)? 27. V (7w)” 


28. V (xy)* 29. V xy? 
30. V(x — 11)2 


31. Vx2 + 8x + 16 


Answers 


26.13 27. 7Zlwl 28. |xyl 
29. |xy| 30. |x-11| 31. |x +4| 
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EXAMPLES Simplify. Assume that radicands do not represent the square 


Simplify. Assume that radicands do of a negative number. 


not represent the square ofa 


negative number. 18. V (3x)* = 3x Since 3x is assumed to be 
32. V (xy)? 33. Vx2y2 nonnegative, |3x| = 3x. 
19. Va*b? = V(ab)* = ab Since ab is assumed to be 
oA, V25y2 = [1,2 nonnegative, |ab| = ab. 
. 20. Vx2 + 2x4+1= V(x t1j?=x+1 Since x + 1 is assumed 


to be nonnegative 


36. V(x — 11)? 
Do Exercises 32-37. 
37. Vx2 + 8x + 16 


RADICALS AND ABSOLUTE VALUE 


Henceforth, in this text we will assume that no radicands are formed by 
raising negative quantities to even powers. 


We make this assumption in order to eliminate some confusion and be- 
cause it is valid in many applications. As you study further in mathematics, 
however, you will frequently have to make a determination about expressions 
under radicals being nonnegative or positive. This will often be necessary in 
calculus. 


BEGINNING TO STUDY FOR THE FINAL EXAM 3. If you are still missing questions, use the supplements for 
extra review. For example, you might check out the 
Student's Solutions Manual. See the Preface for more 
information on this and other supplements. 


The best scenario for preparing for a final exam is to do 
so over a period of at least two weeks. Work in a diligent, 
disciplined manner, doing some final-exam preparation 
each day. Here is a detailed plan that many find useful. 4. For remaining difficulties, see your instructor, go to a 
tutoring session, or participate in a study group. 

5. Then work the Cumulative Review following Chapter 9 
during the last day or two before your final exam. This 
review covers material from all chapters in the text. 
Be careful to avoid any questions corresponding to 
objectives not covered. Again, restudy the objectives 
in the text that correspond to each question you 
missed. 


1. Begin by browsing through each chapter, reviewing the 
highlighted or boxed information regarding important 
formulas in both the text and the Summary and Review. 
There may be some formulas that you will need to 
memorize. 

2. Retake each chapter test that you took in class, 
assuming your instructor has returned it. Otherwise, 
use the chapter tests in the book. Restudy the 
objectives in the text that correspond to each 
question you missed. 


Answers 
32. xy 33. xy 34. Sy 
35. xt 36.x-1l 37.x+4 


1050 CHAPTER 14 _ Radical Expressions and Equations 


: For Extra Help ae q 
1 4.1 Exe rc | Se S et MyMathLab ec WATCH DOWNLOAD ear xf 


( a) Find the square roots. 


1.4 2.1 3.9 4. 16 5. 100 
6. 121 7. 169 8. 144 9. 256 10. 625 
Simplify. 

11. V4 12. V1 13. —V9 14, —V/25 15. —V36 
16. —V81 17. —V225 18. 400 19. V361 20. —V441 


oo 
{ b) Use a calculator to approximate each square root. Round to three decimal places. 


21. V5 22. V8 23. V432 24. —V8196 25. —V347.7 
278 567 

26. —V 204.788 27. 36. 28. — 788 29. —5V 189-6 30. 2V 18-3 

(c) Solve. 

31. Water Flow of Fire Hose. The number of gallons per 32. Parking-Lot Arrival Spaces. The attendants at a park- 
minute discharged from a fire hose depends on the ing lot park cars in temporary spaces before the cars 
diameter of the hose and the nozzle pressure. For a 2-in. are taken to long-term parking spaces. The number NV 
diameter solid bore nozzle, the water flow W, in gallons of such spaces needed is approximated by the formula 
per minute (GPM), is given by W = 118.8 VP, where P N = 2.5VA, where A is the average number of arrivals 
is the nozzle pressure, in pounds per square inch (psi). during peak hours. Find the number of spaces needed 
Find the water flow, in GPM, when the pressure is when the average number of arrivals is (a) 25; (b) 62. 


(a) 650 psi; (b) 1500 psi. 


Source: www.firetactics.com 


141 Introduction to Radical Expressions 1051 


HangTime. An athlete's hang time (the time airborne for a 33. Jason Richardson of the Phoenix Suns can jump 46 in. 
jump) T, in seconds, is given by T = 0.144VV, where Vis the vertically. Find his hang time. 
athlete's vertical leap, in inches. 


Source: Peter Brancazio 


34. Vince Carter of the Orlando Magic can jump 43 in. 
vertically. Find his hang time. 


35. Paul Pierce of the Boston Celtics can jump 38 in. 
vertically. Find his hang time. 


36. Shawn Marion of the Dallas Mavericks can jump 41 in. 
vertically. Find his hang time. 


(d) Identify the radicand. 


37. 200 38. V16z 39. Vx — 4 40. V3t+ 10+ 8 
3 
a. 5V 2 +1 42. -9V'x2 + 16 43. x2y|—— 44, ab®,|— “ F 


(e) Determine whether each expression represents a real number. Write “yes” or “no.” 


45. V—16 46. V—81 47. —V81 
48. — 64 49, —\V/—25 50. V—(—49) 


(f) Simplify. Remember that we have assumed that radicands do not represent the square of a negative number. 


51. Vc? 52. Vx2 53. V9x2 54. V16y2 
55. V/(8p)* 56. V'(7pq)" 57. V (ab)? 58. V (6y)? 
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59. V (34d)? 60. V/(53b)? 
63. Va? — 10a + 25 64. Vx2 + 2x41 


67. V/121y2 — 198y + 81 


Skill Maintenance 


Solve. [13.4a] 


69. Supplementary Angles. Two angles are supplementary. 


One angle is 3° less than twice the other. Find the 
measures of the angles. 


61. V(x + 3)? 62. V(d — 3)? 


65. V 4a? — 20a + 25 66. V9p? + 12p + 4 


68. V/49b2 + 140b + 100 


70. Complementary Angles. Two angles are complemen- 
tary. The sum of the measure of the first angle and half 
the measure of the second is 64°. Find the measures of 
the angles. 


71. Food Expenses. The amount F that a family spends on food varies directly as its income I. A family making $39,200 a year 
will spend $10,192 on food. At this rate, how much would a family making $41,000 spend on food? = [12.9b] 


Divide and simplify. [12.2b] 


x+11 x4-16 x74+4 


x-3 x2-9 x2 +10x- 11 
72. a 73. : 

x+4 x+4 x2 -— 1 
Synthesis 


75. Use only the graph of y = Vx, shown below, to 
approximate V3, V5, and V7. Answers may vary. 


y 
5 
4 y=Vx- 
3 
2 
1 
> 
Se ica ce ae 
—2 
Solve. 
77. Vx2 = 16 78. Vy? = -7 


80. Suppose that the area of a square is 3. Find the length of a side. 


5 ae x4—-]  x241 


76. Wind Chill Temperature. When the temperature is 
T degrees Celsius and the wind speed is V meters per 
second, the wind chill temperature, Tw, is the tempera- 
ture that it feels like. Here is a formula for finding wind 
chill temperature: 


Fw = 13.112 + 0.6215T — 11.37V-16 + 0.3965TV°-16, 


Estimate the wind chill temperature (to the nearest 
tenth of a degree) for the given actual temperatures 
and wind speeds. 

a) T=7°C, V= 8m/sec 

b) T= —5°C, V= 14m/sec 


79. t2 = 49 
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(a) Simplifying by Factoring 


To see how to multiply with radical notation, consider the following. 


a) V9-V4=3-2=6 This is a product of square roots. 
b) V9-4= V36=6 This is the square root of a product. 


Note that 
V9-V4 = V9-4., 
Do Margin Exercise 1. } 


We can multiply radical expressions by multiplying the radicands. 


THE PRODUCT RULE FOR RADICALS 


For any nonnegative radicands A and B, 


VA: VB= VA: B. 


SKILL TO REVIEW 
Objective 11.5b: Factor trinomial 
squares. 

Factor. 

1. x2 — 12x + 36 
2. 64x2 + 48x + 9 


(The product of square roots is the square root of the product of the 
radicands.) 


1. Simplify. 
a) 25° V6 | EXAMPLES Multiply. 
b) V25- 16 1. V5V7 = V5-7 = V35 


2. V8V8 = V8-8 = V64 = 8 


3s. /2/4 ye ne 
Multiply. “NaN G $..5 15 


2. V3VI11 3. V5V5 4, V2xV3x — 1 = V2x(3x — 1) = V6x2 — 2x ) 
ae ~ cE Be Do Exercises 2-6. | 


To factor radical expressions, we can use the product rule for radicals in 


6. Vx + 2Vx—2 reverse. 


FACTORING RADICAL EXPRESSIONS 


VAB = VAVB 


In some cases, we can simplify after factoring. 


Answers 


Skill to Review: 
1. (x—6)% 2. (8x + 3)? 


Margin Exercises: 
1. (a) 20; (b) 20. 2. V33. 3. 5 


rae 5. Vx2 +x 6. Vx2-4 


A square-root radical expression is simplified when its radicand has no 


factors that are perfect squares. 
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When simplifying a square-root radical expression, we first determine 
whether the radicand is a perfect square. Then we determine whether it has 
perfect-square factors. The radicand is then factored and the radical expres- 
sion simplified using the preceding rule. 

Compare the following: 


V50 = V10-5 = V10 V5; 
V50 = V25-2 = V25 V2 = 5V2. 
In the second case, the radicand is written using the perfect-square factor 25. 


If you do not recognize perfect-square factors, try factoring the radicand into 
its prime factors. For example, 


V50 = V2-5°5 = 5V2. 
‘i 


Perfect square (a pair of the same factors) 


Square-root radical expressions in which the radicand has no perfect-square 
factors, such as 52, are considered to be in simplest form. 


| EXAMPLES Simplify by factoring. 


5. V18 = V9-2 Identifying a perfect-square factor and factoring the 
radicand. The factor 9 is a perfect square. 
=V9-vV2 Factoring into a product of radicals 


= 3/2 Simplifying V9 
— The radicand has no factors that are perfect squares. 
6. V48t = V16-3-¢ 


Identifying a perfect-square factor and factoring the 
radicand. The factor 16 is a perfect square. 


= VI16 V3t Factoring into a product of radicals 
= 4V3t Taking a square root 


7. V2002 = V4-5- t? Identifying perfect-square factors and factoring 


the radicand. The factors 4 and f? are perfect 


squares. 
= V4 Vi2V5 Factoring into a product of several radicals 
= 2tV5 Taking square roots. No absolute-value signs 


are necessary since we have assumed that 
expressions under radicals do not represent 
the square of a negative number. 


8. Vx2 - 6x +9 = V(x - 3/2? =x-3 


No absolute-value signs are 
necessary since we have 
assumed that expressions 
under radicals do not 
represent the square ofa 
negative number. 


9. V36x* = V36 Vx* = 6x, or V36x* = V(6x)* = 6x 
10. V3x2 + 6x + 3 = V3(x2 + 2x + 1) 
= V3(x + 1)2 


= V3 Ve+ IP 


Factoring the radicand 
Factoring further 


Factoring into a product 
of radicals 


= V(x + 1),or(x + 1)V3 


Taking the square root 


b 
| Do Exercises 7-14. 


STUDY TIPS 


TAKE THE TIME! 


The foundation of all your study 
skills is making time to study! If 
you invest your time, you increase 
your likelihood of succeeding. 


Simplify by factoring. 

7. V32 8. V92 

9. V128t 10. V363q 
11. V63x2 12. V81m2 


13. Vx2 + 14x + 49 


14. V3x2 — 60x + 300 


Answers 

7.4V2 8. 223 9. 8V2i~— 10. :11V3q 
ll. 3xV7 «12. 9m) s-13. x +7 

14. V3(x — 10), or (x — 10) V3 
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(b) Simplifying Square Roots of Powers 


To take the square root of an even power such as x!°, we note that x! = (x5)?. 
Then 


Vx10 = yr = x, 
We can find the answer by taking half the exponent. That is, 
Va = 29.3510) = 


| EXAMPLES Simplify. 
L. Vx6 = V(x3)2? = x3 = 16) = 3 


8 _ +4 
simplify. 12 Ve = 
15. Vt4 16. V/120 i a ce a p 


17. Vh*6 18. \/x 100 Do Exercises 15-18. | 


If an odd power occurs, we express the power in terms of the largest even 
power. Then we simplify the even power as in Examples 11-13. 


| EXAMPLE 14 Simplify by factoring: Vx. 


Vil = Na <x 
aay bz Caution! 
= x4Vx<—— Note that Vx9 ¥ x3, ; 
) EXAMPLE 15_ Simplify by factoring: V32x). 
V32x15 = V16-2-x4-x We factor the radicand, looking for 
perfect-square factors. The largest 
even power of x is 14. 
= 16 V «ox Factoring into a product of radicals. 
Perfect-square factors are usually 
listed first. 
= Ax? \/2x Simplifying ) 


Simplify by factoring. 
19. Vx? 20. V 24x Do Exercises 19 and 20. | 
(¢) Multiplying and Simplifying 


Sometimes we can simplify after multiplying. We leave the radicand in factored 
form and factor further to determine perfect-square factors. Then we simplify 
the perfect-square factors. 


| EXAMPLE 16 Multiply and then simplify by factoring: V2V/14. 


V2V14 = V2-14 Multiplying 
Multiply and simplify. = V2-2-7 Factoring 
21. V3V6 22. V2V50 = V2-2V7 Looking for perfect-square factors, 
pairs of factors 
=2V7 p 


Answers . 
ee 46.0% (63 jes Do Exercises 21 and 22. J 


19. x8Vx 20. 2x5V6x = 21. 372 
22. 10 
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) EXAMPLE 17 Multiply and then simplify by factoring: V3x? V/9x°. 


V3x2 V9x3 = V3x2 - 9x3 


= V3-x2-9-x2-x 


= V9V2 V2 VIE 


=3-x-x- V3x 
= 3x2V3x 


Multiplying 
Looking for perfect-square 
factors or largest even powers 


Perfect-square factors are 
usually listed first. 


In doing an example like the preceding one, it might be helpful to do 


more factoring, as follows: 


V3x2- V9x3 = V3B-x-xX-3-°3-°X- XX, 


Then we look for pairs of factors, as shown, and simplify perfect-square factors: 


=3°-X-xV3x 
= 3x2V/3x. 


| EXAMPLE 18 Simplify: V/20cd? V35cd5. 


V 20cd2 VV 35cd® 
= V20cd2 - 35cd° 


Multiplying 


= V2:2-5-c:-d:d-5:7:c:d:d:d-d-d Looking for 


——EE | 


pairs of factors 


= V2:2-5-5-c-c:-d:-d:d-d-d-d:7d 


=2-5-c:-d-d-dv7d 
10cd2>\/7d 


Do Exercises 23-25. 


We know that VAB = VA VB. That is, the square root of a product is the 
product of the square roots. What about the square root of a sum? That is, is the 
square root of a sum equal to the sum of the square roots? To check, consider 
VA + Band VA + VBwhenA = 16andB = 9: 


VA+ B= V164+9 = V25 =5; 


and 


VA+ VB = V16+ V9 =44+3=7. 


Thus we see the following. 


Caution! 


The square root of a sum is not the sum of the square roots. 


VA+B#VA+ VB 
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(= 


Multiply and simplify. 
23. V 2x3 V8x3y4 


24. V10xy? V5x2y3 
25. V28q?r - V.21q3r? 


Calculator Corner 


Simplifying Radical 
Expressions 


Exercises: Use a table or a graph to 
determine whether each of the following 
is true. 


1. Vx =Vx+2 
2. V3 =V3+x 
3. Vx -—2= Vx - V2 


4. V9x = 3Vx 
es 
Answers 
23. 4x3y2 24. Sxy2V2xy = 25. 14q2r4V3q 
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14.2 


(a) Simplify by factoring. 


1 


23 


27 


31 


Ve 


. V16a 


. V13x2 


- V180 


~ V.28x2 


. V8x2 + Bx + 2 
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2. V8 


7. V600 


12. 


16 


20. 


24 


28 


32 


8. V300 


Vy 


. V4A9b 


. V23s2 


- V320 


~. V20x2 


. V20x2 — 20x + 5 
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MyMathLab 


21 


25 


29. 


33 


PRACTICE 


9. V486 


» V48x 


64y2 


. V8t2 


. V288y 


Vx? -— 6x +9 


. V36y + 12y2 + y3 


14, 


18 


22 


26 


30 


34. 


vii HG 


DOWNLOAD 


READ 


10. V567 


40m 


~ V 9x2 


. V125a2 


. V363p 


. Vite + 22t4+ 121 


Vx — 2x2 + x3 


REVIEW. 
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35. 


39. 


43. 


47. 


51 


55 


59. 


Simplify by factoring. 
aye 36. Vx 18 
Vx8 40. Vx3 
Viy= 2 44. V(x + 3)8 
36m 48. V/250y3 
. V104p!? 52. V.284m23 
Multiply and then, if possible, simplify by factoring. 
. V3 V18 56. V5 V10 
V18 V14x 60. V12 V18x 


37. Vxl4 


41. Vt'9 


45. V4(x + 5)10 


49. \/8a° 


53. V 448xy3 


57. V15 V6 


61. V3x V12y 


38. Vx16 


42. Vp!? 


46. V'16(a — 7)4 


50. V12b7 


54, V243x5y4 


58. V3 V27 


62. V7x V2ly 
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63. 


67 


71. 


75 


77. 


79 


81 


83 


85 


» V2t-V2t 


V2x2y V Axy? 


» V5 V2x — 1 


VX +t2Vx42 


. V18x2y3 V 6xy4 


. V50x4y8 V 10xy 


. V99p4q? V 22p°q? 


. V24a2b3c4 V/32a5b4c? 


1060 


CHAPTER 14 


64. V11 V11x 


68. V7a V7a 


72. V15mn2 V5m2n 
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65. 


69. 


73. 


76. 


78. 


80 


82 


84 


86 


V5b V15b 


Vab Vac 


V3 V4x + 2 


Vx -9Vx-9 


. V12x3y? V Bxy 


. V10xy? V5x2y3 


. V75mbnd 50min? 


» V18p9q2r! V/108p3q6r9 


66. V6a V 18a 


70. Vxy Vxz 


74. V16 V16 
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Skill Maintenance 


Solve. [13.3a, b] 


87.x —y = —6, 88. 3x + Sy = 6, 89. 3x — 2y = 4, 90. 4a — 5b = 25, 

xt+y=2 5x + 3y = 4 2x + 5y =9 a-b=7 
Solve. 

91. Canoe Travel. Greg and Beth paddled to a picnic spot 92. Storage Area Dimensions. The perimeter ofa 
downriver in 2 hr. It took them 3 hr to return against the rectangular storage area is 84 ft. The length is 18 ft 
current. If the speed of the current was 2 mph, at what greater than the width. Find the area of the rectangle. 
speed were they paddling the canoe? [13.5a] [13.4a] 


93. Fund-Raiser Attendance. As part of a fund-raiser, 94. Insecticide Mixtures. A solution containing 30% 
382 people attended a dinner and tour of a space insecticide is to be mixed with a solution containing 
museum. Tickets were $24 each for adults and $9 50% insecticide in order to make 200 L of a solution 
each for children, and receipts totalled $6603. How many containing 42% insecticide. How much of each solution 
adults and how many children attended? [13.4a] should be used? [13.4a] 

Synthesis 

Factor. 

95. Vax = 5 96. Vx* — x — 2 97. Vx? — 36 
98. 2x7 = 5x — 12 99; 2° = 2" 100. Va? — b? 
Simplify. 

101. V0.25 102. V0.01 103. V 256 


Multiply and then simplify by factoring. 


104. (V2y)(V3)(V8y) 105. V18(x — 2) V20(x — 2)8 106. V27(x + 1) V12y(x + 1)2 
107. V/2109 \/x306 \/xH 108. Vx V2x V'10x5 109. Va(Va3 — 5) 
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SKILL TO REVIEW 
Objective 12.1c: Simplify rational 
expressions by factoring the 
numerator and the denominator 
and removing factors of 1. 


Simplify. 
10x8 64a°b 
” 15x38 


Divide and simplify. 
, V96 - V5 
V6 73 
aa 2x5 
ae Ae 
V x3 7x2 
Answers 
Skill to Review: 
2x5, 8a? 
“3 * 3p5 


Margin Exercises: 


1.4 25 3.x9°Vx 4. xV6x 


(a) Dividing Radical Expressions 


Consider the expressions 


V25 25 


an ‘ 
V16 16 
Let’s evaluate them separately: 


a) @- > because V25 = 5and V16 = 4; 


5 5 29 
b) Je = > because > ie T6° 


We see that both expressions represent the same number. This suggests 
that the quotient of two square roots is the square root of the quotient of 
the radicands. 


THE QUOTIENT RULE FOR RADICALS 


For any nonnegative number A and any positive number B, 


VA _ /2 

VB B 
(The quotient of two square roots is the square root of the quotient of 
the radicands.) 


| EXAMPLES Divide and simplify. 


Vi jz. _ 
La 7 eh cae 


30a° 30a° 
ae 7 = V5a3 = V5-a2-a= Va?- V5a = ava ) 
6a? 


6a2 


Do Margin Exercises 1-4. J 


(b) Square Roots of Quotients 


To find the square root of certain quotients, we can reverse the quotient rule 
for radicals. We can take the square root of a quotient by taking the square 
roots of the numerator and the denominator separately. 


SQUARE ROOTS OF QUOTIENTS 


For any nonnegative number A and any positive number B, 


A_ VA 


BT VB 
(We can take the square roots of the numerator and the denominator 
separately.) 
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_ EXAMPLES Simplify by taking the square roots of the numerator and the 
denominator separately. 


3, ./22 -¥25 _5 Taking the square root of the numerator 
° 9 V9 3 and the square root of the denominator 
4 = VI _ 1 Taking the square root of the numerator 
“V16 V16 4 and the square root of the denominator 
5, [9 _v8_7 
"Vee V2 tt 


Do Exercises 5-8. 


We are assuming that expressions for numerators are nonnegative and 
expressions for denominators are positive. Thus we need not be concerned 
about absolute-value signs or zero denominators. 

Sometimes a rational expression can be simplified to one that has a 
perfect-square numerator and a perfect-square denominator. 


) EXAMPLES Simplify. 


@ 50 ~ Vo5-2~ Va5'2 7 V5"! 
50 V25-2 V25 2 V25 


9 
25 V25 5 
7. [oe = /= - 10 /= _ 10 /= 1 
2890 289 - 10 289 10 289 
256 16 


8. Ze 77 ri Simplifying the radicand 
3x x x 
VE x? 


| Do Exercises 9-12. 


‘¢) Rationalizing Denominators 


Sometimes in mathematics it is useful to find an equivalent expression with- 
out a radical in the denominator. This provides a standard notation for ex- 
pressing results. The procedure for finding such an expression is called 
rationalizing the denominator. We carry this out by multiplying by 1 in either 
of two ways. 


To rationalize a denominator: 
Method 1. Multiply by 1 under the radical to make the denominator of 
the radicand a perfect square. 


Method 2. Multiply by 1 outside the radical to make the radicand in 
the denominator a perfect square. 


Simplify. 
16 il 
5. 9 6. 25 
36 b? 
to qe 8. P1 
Simplify. 
18 2250 
oh af = UO ., | == 
32 2560 
V 98y 108a!! 
11. 12, 4 | == 
Dpylll 3q3" 
Answers 
52 #e %o & p ge 
3 5 x 11 4 
15 7 6 
10.5, iu. 5 12 7 
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. EXAMPLE 9 Rationalize the denominator: fe 


METHOD 1: We multiply by 1, choosing 3 for 1. This makes the denominator of 
the radicand a perfect square: 


2 [2 3 
iE rae Multiplying by 1 


_ [6 V6 The radicand in the denominator, 9, 
~ ~ /9 is a perfect square. 


METHOD 2: Wecan also rationalize by first taking the square roots of the nu- 
merator and the denominator. Then we multiply by 1, using V3/V3: 


V3 
V2 V3 
= —=.—— Multiplying by 1 
V3 «V3 ie | 
VIE AG The radicand, 9, in the denominator 
13. Rationalize the denominator: ~ V/3-V3 V9 is a perfect square. 
So V6 
5 a 


a) Use method 1. 


b) Use method 2. Do Exercise 13. 


We can always multiply by 1 to make a denominator a perfect square. 
Then we can take the square root of the denominator. 


’ EXAMPLE 10 Rationalize the denominator: , (=. 


The denominator, 18, is not a perfect square. Factoring, we get 
18 = 3-3- 2. If we had another factor of 2, however, we would have a perfect 
square, 36. Thus we multiply by 1, choosing é . This makes the denominator a 
perfect square. 


Ae J 5 d a 2 _— V10 V410 
18 V3-3-2 V3-3-2 2 36 «636 6 


. 8 
_ EXAMPLE 11 Rationalize the denominator: —~. 


. . . v7 
a UNO G ON TE EN: This time we obtain an expression without a radical in the denominator 
g Itiplying by 1, choosi 7/V7: é 
14/2 by multiplying by 1, choosing V7/V7 Cention 
(Hint: Multiply the radicand by 3.) 8 8 V7_8Vv7_ 8Vv7 <— av74 V56 
V7 V7 V7 OVO co . 
10 
IS}, = 
v3 Do Exercises 14 and 15. 
Answers 
V15 V15 V10 10V3 
13. (@) = (b) 14. 15. — 
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' EXAMPLE 12. Rationalize the denominator: 4 

We look at the denominator. It is V2. We multiply by 1, choosing V2/V2: 
V3_ V3 V2_V3-V2_V6_ V6 oe 
V2 V2 V2 V2°N2 W400 27° 2 ! 


' EXAMPLES Rationalize the denominator. 


V5 V5 Vx 
13. — = —=: — Multiplying by 1 
Vax Wa WE ee 
WEE 
VV x 
V5 
= se Vx + Vx = x by the definition of square root 
a V49a°—-V/49a°s-V3_~—Cs Factoring 12, we get 2 - 2 - 3, so we need Rationalize the denominator. 
"4/72 - V12 : V3 another factor of 3 in order for the V3 V5 
radicand in the denominator to bea 16. Va 17. Be 
perfect square. We multiply by V3/V3. 
V49a° V3 64y? V64x9 
= —— 18 Ue), === 
V12 V3 a: * VI5 
V49-at*-a-3  V49VatV3a 
V36 V36 
7a°\/3a Answers 
6 } 16. _ 17 a 18. wal 
8x4V15 
Do Exercises 16-19. 19. a 


For Extra Help 


Exercise Set Bi yayey-)) marca = GS = & 


REVIEW 


(a) Divide and simplify. 


1, V8 9 ¥20 3, ¥ 108 4, ¥60 5, V5 
6, ¥® - V3 ‘ V3 9, V2 ine 
3 3 
1, ¥8« 12, ¥ 18) feo ia 
V2x V2b Viy V3X 
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b 


15. 


20. 


25. 


29. 


c 


33. 


43. 


Simplify. 


16 
49 


aS 
oo 
w 
nD 


Rationalize the denominator. 
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2 7 
34, ./= 35. ./— 
3 8 


5 1 
39. ./— 40. ,/— 
18 18 
12 3 
44, ,./— 45. ./— 
5 x 
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31, Vo 
* \/343x5 

a 

36. ./— 

8 

4 

V5 

ie 

x 
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48. 


53. 


58. 


63. 


68. 


73. 


78. 


ES) 


SIS 


s+ 


a8 


SIS 


2 


V12x 


S 


49. 


54. 


59. 


64. 


69. 


74. 


20 


als 


S|8 


si 


als 


a8 


50. 


55. 


60. 


65. 


70. 


75. 


80. 


18 


foe) 
5/8 


V16a*b® 


V 128a5p 


51. 


56. 


61. 


66. 


71. 


76. 


S|- 


Sls 


< 


S 


q 


7x 
12x 


52. 


57. 


62. 


67. 


72. 


77. 


alr 


si 


S|8 


S18 


S 


$ 


. 


_ 


y 
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Skill Maintenance 


Solve. [13.3a, b] 


8l.x=y+2, 
x+y=6 


82. 4x — y = 10, 
4x + y= 70 


84. 2x - 3y=7, 
—4x + 6y = -14 


85.x + y=—7, 
x= y=2 


Divide and simplify. [12.2b] 
x?-—49 x? — 14x + 49 
x+8 x2 + 15x + 56 


87. 


Multiply. 
91. (3x — 7)(3x + 7) [10.6b] 


Synthesis 


Periods of Pendulums. The period T of a pendulum is the 
time it takes the pendulum to move from one side to the 
other and back. A formula for the period is 


L 
f= |, 
ANI 30 


where T is in seconds and L is the length of the pendulum, 
in feet. Use 3.14 for 77. 


93. Find the periods of pendulums of lengths 2 ft, 8 ft, 
and 10 in. 


Rationalize the denominator. 


5 3a 
95. 1600 96. bh 
Simplify. 
1 2 
ig 
x2 oxy oy 
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83. 2x — 3y = 7, 
2x —- 3y=9 


86. 2x + 3y = 8, 
5x. = 4y = =2 


92. (4a — 5b)(4a + 5b) [10.7f] 


94. The pendulum of a grandfather clock is (32/777) ft 
long. How long does it take to swing from one side to 


the other? 
3x2y 
97. ae 98. 0.009 
a°x 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. The radical symbol V__ represents only the principal square root. 


[14.1a] 
2. For any nonnegative real number A, the principal square root of A” 
is—A. [14.1f] 


3. Every nonnegative number has two square roots. [14.1la] 


4. There are no real numbers that when squared yield negative 
numbers. [14.le] 


Guided Solutions 


Fill in each blank with the number or expression that creates a correct solution. 


5. Simplify by factoring: V3x2 — 48x + 192. [14.2a] 6. Multiply and simplify by factoring: V30V40y. [14.2c] 
V3x2 — 48x + 192 = VE(x2 — 16x + 64) V30 V40y = V30-Lly 
= V3" =Vily 
= VO v(x - 8)? = i100" [oy 
= Vee — |) = V100-(]-3-y 
= V100 V4 VJ 
= 10-()v3y 
= L]v3y 
; ey ee 3y? 
7. Multiply and simplify by factoring: 8. Rationalize the denominator: (ae [14.3c] 
V18ab2V/14a2b*. [14.2c] fz : 3y2 
Vi8ab? V/14a2b4 = V/18ab? - 14]b4 ae Neel Ian 
= Woe sie see e ee ~ 3y? a 
=) oe ae ne eee | 
= VEVE Ve VBE oy as 
23a Via Ll 
= 6b? V7a _Lv33 _ yv33 
Pill a 
Mixed Review 
9. Find the square roots of 121. [14.1la] 10. Identify the radicand: 2x zs ss [14.1d] 


11. Determine whether each expression represents a 
real number. Write “yes” or “no.” [14.1le] 


a) V-100 b) -V9 


Mid-Chapter Review: Chapter 14 1069 


Simplify. 


12, V'128r7s® [14.2b] 13. V25(x — 3)? [14.2b] vu. [2 (14.3b] 
15. —V36 [14.1a] 16. -, [2° [14.3b] 17. V225  [14.1a] 
18. V(loy)? [14.1f] 19. V4x2 — 4x +1 [14.2a] 20. V800x [14.2al 
21. Ve [14.3a] 22. V32q" [14.2b] 23. a [14.3b] 


Multiply or divide and, if possible, simplify. 


V18 V192x 
24, V25-V25 [14.2 25. las 26." [14.3a 
[14.2c] es [14.3a] Nee [ ] 
27. V40c%d’ V/15c3d3— [14.2c] 28. V24x5y8z2V/60xy3z  [14.2c] 29. V2xV30y [14.2c] 
3y29 
30. V2laV35a_ [14.2c] 31, — (taal 
V75y? 


32. Rationalize the denominator and simplify. Match each expression in the first column with an equivalent expression in the 
second column by drawing connecting lines. [14.3c] 


x 3Vx 
V3 6 
a Vik 
BE 3 
Se x3 
Vx 3 
ae V3 
V3 

ns vik 
VE) XG 
fz 5) 


Understanding Through Discussion and Writing 


33. What is the difference between “the square root of 100” 34. Explain why the following is incorrect: [14.3b] 
and “a square root of 100”? [14.1a] 9+100 3+10 
25 Saal 
35. Explain the error(s) in the following: [14.2a] 36. Describe a method that could be used to rationalize the 
Vie = a Vk = VOR = = & numerator of a radical expression. [14.3c] 
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(a) Addition and Subtraction 


We can add any two real numbers. The sum of 5 and V2 can be expressed as 
5 + V2. We cannot simplify this unless we use rational approximations such 
as5 + V2 = 5+ 1.414 = 6.414. However, when we have like radicals, a sum 
can be simplified using the distributive laws and collecting like terms. Like 
radicals have the same radicands. 


EXAMPLE 1 Add: 3V5 + 4V5. 


Suppose we were considering 3x + 4x. Recall that to add, we use a dis- 
tributive law as follows: 


3x + 4x = (3 + 4)x = 7x. 
The situation is similar in this example, but we let x = V5: 
3V5 + 4V5 = (3 + 4)V5 
= 7/5. 


If we wish to add or subtract as we did in Example 1, the radicands must 
be the same. Sometimes after simplifying the radical terms, we discover that 
we have like radicals. ) 


Using a distributive law to factor out V5 


EXAMPLES Add or subtract. Simplify, if possible, by collecting like radical 
terms. 


2. 5V2 — V18 = 5V2—- V9-2 


Factoring 18 


= 5V2— V9V2 
= 5V2 — 3V2 
=(5-3)v2 Using a distributive law to factor out the 
common factor, V2 
= 2Vv2 
3. V4x3 + 7Vx = V4-x2-x + 7VX 
= 2xVx + 7VX 
= (2x-+ 7)Vx Using a distributive law to factor 


out Vx 


Don't forget the parentheses! 


4, Vx9 — x2 4+ Vax — 4 = Vx2(x — 1) + V4(x — 1) 


Factoring 
radicands 


Vx2Wx—-1+ VAVx—1 
xVx—-14+2Vx-1 
(x + 2)Vx-1 


ll 


ll 


Using a distributive law to 
factor out the common 
factor, Vx — 1. Don't forget 
the parentheses! ) 


| Do Margin Exercises 1-5. 


SKILL TO REVIEW 
Objective 10.6d: Find special 
products when polynomial products 
are mixed together. 

Multiply. 

1. (3x — 7)(3x + 7) 


1\2 
2. | 4x-> 
(48 5) 


Add or subtract and simplify by 


collecting like radical terms, if 
possible. 


Is HY +e GP 
2985 3/5 
3. 2V10 — 7V40 
4, V24 + V54 


5. V9x +9 -— V4x4+ 4 


Answers 
Skill to Review: 


1 
1. 9x*— 49 2. 16x* — 4x + rr 
Margin Exercises: 


1.12V2 2.5V5 3.-12V10 4. 5V6 
5. Vx F1 
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Sometimes rationalizing denominators enables us to combine like 
radicals. 


| EXAMPLES Add: V3 + ce 


1 1 3 Multiplying by 1 in order to rationalize 
vas 5 = 3 3 the denominator 
3 
=V73+./= 
9 
eaigpa 2 
V9 
V3 
= V34+— 
3 
1 
=1-V3+ 33 
1 
Add or subtract. = (: + +)v3 Factoring out the common factor, V3 
1 
6. V2 +,/= 
2 _4 4V3 
= 33 oe ) 


5 3 
Gs aE "V5 Do Exercises 6 and 7. 
‘ts ) e e e 
\b) Multiplication 
Now let’s multiply where some of the expressions may contain more than one 
term. To do this, we use procedures already studied in this chapter as well as 


the distributive laws and special products for multiplying with polynomials. 


) EXAMPLE 6 Multiply: V2(V3 + V7). 


a 
V2(V3 + V7) = V2V3 + V2V7 ~~ Multiplying using a 
distributive law 


AVOID DISTRACTIONS = V6+ V14 Using the rule for multiplying 


ith radical 
Dont allow yourself to be dis- ane b 


tracted from your studies by 


electronic “time robbers” such as | EXAMPLE 7 Multiply: (2 + V3)(5 — 4V3). 

video games, the Internet, and 

television. Be disciplined and (2 + V3)(5 — 4V3) =2-5-2-4V3 + V3-5- V3-4V3 Using FOIL 
study first. Then reward yourself 4 


= 10-—8V3 + 5V3-—4-3 


with a leisure activity if there is 


enough time in your day. = 10 — 8V3 + 5V3 - 12 
==—2- 33 
Answers 
3 8vI5 
6.5VZ 7. 
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EXAMPLE 8 Multiply: (V3 — Vx)(V3 + Vx). 
(V3 — Vx)(V3 + Vx) = (V3)? — (Vx)? ~—s:Using (A — B)(A + B) = A? — B? 
=3-x b 


EXAMPLE 9 Multiply: (3 — Vp)?. 
(3 — Vp)* = 32-2-3-Vp+(vVp)2 Using (A — B)2 = A2 — 2AB + B? 
=9-6Vpt+p j 


EXAMPLE 10 Multiply: (2 + V5)?. 
(2 + V5)? = 22 + 2-2V5 + (V5)? 
=4+4V5+5 

=9+4V5 } 


Do Exercises 8-12. 


Using (A + B)* = A? + 2AB + B? 


(c) More on Rationalizing Denominators 


Note in Example 8 that the result has no radicals. This will happen whenever 
we multiply expressions such as Va — Vb and Va + Vb. We see this in the 
following: 


(Va + Vb)(Va — Vb) = (Va)? - (Vb) = a - Bb. 
Expressions such as V3 — Vx and V3 + Vx are known as conjugates; so too 
are 2 + V5 and 2 — V5. We can use conjugates to rationalize a denominator 


that involves a sum or a difference of two terms, where one or both are radicals. 
To do so, we multiply by 1 using the conjugate to form the expression for 1. 


Do Exercises 13-15. 


EXAMPLE 11 Rationalize the denominator: 


a 
BVS 

We multiply by 1 using the conjugate of 2 + V5, which is 2 — V5, as the 
numerator and the denominator of the expression for 1: 


5 VE ae Vs : ; - 2 Multiplying by 1 

3(2 — V5) ae 
= (2 + V5)(2 — V5) Multiplying 
= Ee Using (A + B)(A — B) = A? — B 
_ = 35 

4-5 

B= 35 

—l 


—6 + 3V5, or 3V5 — 6. [ 


14.4 Addition, Subtraction, and More Multiplication 


Multiply. 
8. V3(V5 + V2) 


Om ((lemay/2)) (Aeron 5) 


10. (V2 + Va)(V2 — Va) 
11. (5 + Vx)? 
12, (@ = VAG + V7) 


Find the conjugate of each expression. 
13.7+ V5 


14, V5 — V2 

15. 1 — Vx 

Answers 

8 V1I5+ V6 9.44+3V5 —-4V2 - 3V10 

10.2-a 11.25+10Vx+x 12.2 

13.7-V5 14 V5+V2 15.14+ Vx 
1073 


Rationalize the denominator. 


18. Rationalize the denominator: 


a 
1- Vx 
Answers 
ie = — 35 17. —6 — V35 
+ 
18, 7+ 7Vx 
IX 


' EXAMPLE 12 Rationalize the denominator: 


V3+ V5 
V3- V5" 


We multiply by 1 using the conjugate of V3 — V5, whichis V3 + V5, as 
the numerator and the denominator of the expression for 1: 


V34+V5 


V3 + V5 V3 + V5 


V3-V5 V3-V5 V34+ V5 
(V3 + V5)? 


(V3 — V5)(V3 + V5) 
(V3)* + 2V3V5 + (V5)? 


(V3)? — (V5? 


34+ 2V15+5 


3-5 
8+ 2V15 
-2 
2(4 + V15) 
2(-1) 

2 4+ VI15 
aa 
4+ V15 
-1 
-4—- V15. 


Do Exercises 16 and 17. 


' EXAMPLE 13 Rationalize the denominator: 


Multiplying by 1 


Using (A + B)? = A? + 2AB + B? 
and (A + B)(A — B) = A? — B 


Factoring in order to simplify 


3 
24+ Vx 


We multiply by 1 using the conjugate of 2 + Vx, which is 2 — Vx, as the 
numerator and the denominator of the expression for 1: 


5 


5 


Pe Dei BoA 
5(2 = 7x) 
(2 + Vx)(2 — Vx) 
5-2-5:-Vx 
22 — (Vx)? 
_ = 5Va 


4-x 


Do Exercise 18. 


1074 CHAPTER 14 _ Radical Expressions and Equations 


Multiplying by 1 


Using (A + B)(A — B) = A* — B? 


For Extra Help 


14.4 | BS GhNS EE mymathLab 


Mathixy 


PRACTICE 


= 
WATCH DOWNLOAD READ REVIEW 


(a) Add or subtract. Simplify by collecting like radical terms, if possible. 


1. 7V3 + 9V3 2. 6V2 + 8V2 3. 7V5 — 3V5 

4. 8V2 — 5V2 5. 6Vx + 7VX 6. 9Vy + 3Vy 

7.4Vd — 13Vd 8. 2Va — 17Va 9. 5V8 + 15V2 

10. 3V12 + 2V3 11. V27 — 2V3 12. 7V50 — 3V2 

13. V45 — V20 14. V27 — V12 15. V72 + V98 

16. V45 + V80 17. 2V12 + V27 — V48 18. 9V8 — V72 + V98 
19. V18 — 3V8 + V50 20. 3V18 — 2V32 — 5V50 21. 2V27 — 3V48 + 3V12 
22, 3/48 — 227 — 3VI12 23. V4x + V81x3 24. V/12x2 + V27 
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25. V27 — V 12x? 


28. V12x + 12 + V3x4+ 3 


31. 4aVa2b + aVa2b3 — 5\V/b3 


34, v2 - [2 


2 1 
37. 3 or. 6 
b _ Multiply. 
39. V3(V5 — 1) 


42, (V5 + V7)(2V5 — 3V7) 


45. (V2 + 8)(V2 — 8) 


26. V81x? — V4x 


29. Vx5 — x2 + V9x3 — 9 


32. 3xV y3x — xVyx3 + yVy3x 


I 
35. 5V2 + 3/3 


40. V2(V2 + V3) 


43. (2 — V5)? 


46. (1 + V7)(1 — V7) 
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27. V8x + 84+ V2x + 2 


30. V16x — 16 + V25x3 — 25x2 


1 
33, v3 - [2 


I 
36. 4V3 + 2/2 


Al. (2 + V3)(5 — V7) 


44, (V3 + V10)? 


47. (V6 — V5)(V6 + V5) 
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48. (V3 + V10)(V3 — V10) 49. (3V5 — 2)(V5 + 1) 50. (V5 — 2V2)(V10 — 1) 


51. (Vx — Vy)? 52. (Vw + 11)? 


2 5 V3 -— V2 2-V7 
53. 54 55. ———__ 56. 
V3- V5 34 V7 V3+ V2 V3 - V2 
4 6 1- v7 24+ V8 
57. ————_ 58. ———— 59. 60. 
V10+1 VII - 3 34 V7 1- V5 
3 8 34+ V2 4-V3 
61. ———— 62. 63. 64. 
4+ Vx 2-— Vx 8 - Vx 6+ Vy 
Va-1 12+ Vw 4+ V3 V2-1 
65. 66. ————_ 67. ————_;— 68. ————— 
° 1+ Va Vw — 12 Va- Vt Vw + Vb 
Skill Maintenance 
Solve. 
69. 3x +5 + 2(x - 3) =4— 6x [8.3c] 70. 3(x — 4) — 2 = 8(2x + 3) [8.3c] 
71. x2 — 5x =6 [11.7b] 72. x2 + 10= 7x [11.7b] 
Multiply and simplify. [12.1d] 
9 2 
Scan oe Ee 
27) 7x3 x2-9 12 
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75. Continental Divide. The Continental Divide in the 76. The graph of the polynomial equation 


Americas divides the flow of water between the Pacific y=x3—5x24+x-2 


Ocean and the Atlantic Ocean. The Continental Divide 
National Scenic Trail in the United States runs through 
five states: Montana, Idaho, Wyoming, Colorado, and 


is shown below. Use either the graph or the equation to 
estimate or find the value of the polynomial when 
[10.3a] 


New Mexico. The Trail’s highest altitude is 9990 ft higher SS a De ane 
than its lowest altitude of 4280 ft. What is the highest : . 
f : VR y=x8-5x?4+x-2 
altitude of the Trail? [8.6a] 
Source: www.continental-divide.net 
Continental Divide 
Milner Pass’ elev. 10,759 
Atlantic Ocean Pacific Ocean 
Synthesis 
77. Evaluate Va2 + b2 and Va? + V/b2 whena = 2 and 78. On the basis of Exercise 77, determine whether 
b= 3. Va* + b* and Va2 + Vb? are equivalent. 


lawA Use the TABLE feature to determine whether each of the following is correct. 


79. V9x3 4+ Vx = V9x3 4+ x 80. Vx2+4=x4+2 


Add or subtract as indicated. 


81. 3V24 + V150 — V96 82. 3V27 + V8 + V300 — VI8 


Determine whether each of the following is true. Show why or why not. 


83. (3Vx + 2)* = 9(x + 2) 84. (Vx + 2)? =x+2 
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(a) Solving Radical Equations 


The following are examples of radical equations: 


V2x -4=7, Vx +1= V2x —5. 


A radical equation has variables in one or more radicands. To solve radical 
equations, we first convert them to equations without radicals. We do this for 
square-root radical equations by squaring both sides of the equation, using 
the following principle. 


To solve square-root radical equations, we first try to get a radical by itself. 
That is, we try to isolate the radical. Then we use the principle of squaring. This 
allows us to eliminate one radical. 


| EXAMPLE 1 Solve: V2x — 4 = 7. 
V2x-4=7 
V2x = 11 Adding 4 to isolate the radical 
(Vaan)? = 1F Squaring both sides 
2x = 121 V2x - V2x = 2x, by the definition of square root 


x= ~ Dividing by 2 
Check: V2x-4=7 
fo arr 
5 2 
V121—-—4 
11-4 
7 TRUE 
The solution is “51. ) 


| Do Margin Exercise 1. 


! EXAMPLE 2 Solve: 2Vx + 2 = Vx + 10. 
Each radical is isolated. We proceed with the principle of squaring. 
(2Vx + 2)? =(Vx+10)* — Squaring both sides 


27(Vx + 2)? = (Vx +10)? Raising each factor of the product on 
the left to the second power 


A(x + 2) =x+ 10 Simplifying 
4x+8=x+10 Removing parentheses 
3x = 2 Subtracting x and 8 
2 
x= 3 Dividing by 3 


SKILL TO REVIEW 
Objective 11.7b: Solve quadratic 
equations by factoring and then 
using the principle of zero products. 
Solve. 

1. x2 + 4x — 45 =0 

2.1+ x2 = —2x 


1. Solve: V3x — 5 = 3. 


Answers 
Skill to Review: 
1.-9,5 2.-1 


Margin Exercise: 


64 
1. > 
3 
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Solve. 
2. V3x +1 = V2x+3 


3.3Vx+1= Vx4+ 12 


(x Algebraic-Graphical + 
\. Connection y 


We can visualize or check the 
solutions of a radical equation 
graphically. Consider the 
equation of Example 3: 


xX-5=Vx+ 7. 
We can examine the solutions by 
graphing the equations 
y=x-5 and y=Vx+7 
using the same set of axes. A 
hand-drawn graph ofy = Vx + 7 


would involve approximating 
square roots on a calculator. 


It appears that when x = 9, 
the values of y = x — 5 and 
y = Vx + 7are the same, 4. 
We can check this as we did in 
Example 3. Note also that the 
graphs do not intersect at x = 2. 


x 


4. Solve: x — 1 = Vx + 5. 


Answers 


Check: 2Vx+2=Vx+ 10 


aJe+22 JE +10 
3 , V3 
>. [8 | _ [32 
3 3 
4-2 16: 
gj | Hee 
3 3 
ae ae 
3 3 TRUE 


The number § checks. The solution is 5. 


Do Exercises 2 and 3. 


It is necessary to check when using the principle of squaring. This princi- 
ple may not produce equivalent equations. When we square both sides of an 
equation, the new equation may have solutions that the first one does not. 
For example, the equation 


x=1 (1) 
has just one solution, the number 1. When we square both sides, we get 
x*=1, @) 


which has two solutions, 1 and —1. The equations x = 1 and x? = 1 do not 
have the same solutions and thus are not equivalent. Whereas it is true that 
any solution of equation (1) is a solution of equation (2), it is not true that any 
solution of equation (2) is a solution of equation (1). 


Caution! 


When the principle of squaring is used to solve an equation, all possible 
solutions must be checked in the original equation! 


Sometimes we may need to apply the principle of zero products after 
squaring. (See Section 11.7.) 


| EXAMPLE 3 Solve: x —5 = Vx + 7. 
£=5= V7 
(x — 5)? = (Vx + 7)? Using the principle of squaring 
x*-10x+ 25=x+7 


x2 — 11x + 18=0 Subtracting x and 7 
(x — 9)(x — 2) =0 Factoring 
x-9=0 or x-2=0 Using the principle of zero products 
x=9 or x=2 
Check: For 9: For 2: 
x-5=Vx+7 x-5=Vx+7 
9-52 V947 2-57? V2+7 
4|4 TRUE -3 13 FALSE 


The number 9 checks, but 2 does not. Thus the solution is 9. 


Do Exercise 4. 
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' EXAMPLE 4 Solve: 3 + V27 — 3x =x. 


In this case, we must first isolate the radical. 


3+ V27 — 3x = 


27-3x=x-3 


(V27 — 3x)* = (x — 3)? 
27 — 3x =x*-6x+9 
= x2 —3x- 18 


0 = (x — 6)(x + 3) 


Subtracting 3 to isolate the radical 
Using the principle of squaring 
Squaring on each side 


Adding 3x and subtracting 27 to 
obtain 0 on the left 


Factoring 


x—-6=0 or x+3=0 Using the principle of zero 
products 
x=6 or x=-3 
Check: For 6: For —3: 
34+ V27—-3x =x 34+ V27 —- 3x =x 
3+ V27-3:-6 26 3+ V27 —3-(-3) ? -3 
3+ V27 - 18 3+ V274+9 
34+ V9 3+ V36 
34+3 34+ 6 
6 TRUE 9 FALSE 
The number 6 checks, but —3 does not. The solution is 6. j 
Do Exercise 5. 


4 
7 

\ 

%, 
Sree 


More Than Once 


) Using the Principle of Squaring 


Sometimes when we have two radical terms, we may need to apply the prin- 
ciple of squaring a second time. 


’ EXAMPLE 5 Solve: Vx — 1 = Vx — 5. 


We have 
Ve-1l=vVx-5 
(Vx — 1)* =(Vx-—5)? — Using the principle of 
squaring 
(Vx)? —-2-Vx-1+P=x-5 Using (A — B)? = 
A? — 2AB + B* on the 
left side 
x-2Ve4+1=%=5 Simplifying. Only one 
radical term remains. 
—2Vx = -6 Isolating the radical by 
subtracting x and 1 
Vx =3 Dividing by —2 
(Vx)? = 3° Using the principle 
of squaring 
x= 9. 


The check is left to the student. The number 9 checks and is the solution. 


5. Solve: 1+ V1—x=x. 


Calculator Corner 


Solving Radical 
Equations Wecan solve radical 
equations on a graphing calculator. 
Consider the equation in Example 3: 
X—5 = Vx + 7.We first graph each 
side of the equation. We enter y, = x — 5 
and y2 = Vx + 7onthe equation- 
editor screen and graph the equations, 
using the window [ —2, 12, —6, 6]. Note 
that there is one point of intersection. 
Use the INTERSECT feature to find its 
coordinates. (See the Calculator Corner 
on p. 998 for the procedure.) 

The first coordinate, 9, is the 
value of x for which 4, = y2, or 
Xx —5 = Vx + 7. Itis the solution 
of the equation. Note that the graph 
shows a single solution whereas the 
algebraic solution in Example 3 yields two 
possible solutions, 9 and 2, that must be 
checked. The check shows that 9 is the 
only solution. 


Y= X—5, yy =VEH7 


Exercises: 
1. Solve the equations in 
Examples 4 and 5 graphically. 


2. Solve the equations in Margin 
Exercises 1-6 graphically. 
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6. Solve: Vx — 1 = Vx — 3. 


7. How far to the horizon can 
you see through an airplane 
window at a height, or altitude, 
of 38,000 ft? 


8. A sailor climbs 40 ft up the mast 
of a ship to a crow’s nest. How 
far can he see to the horizon? 


Answers 


6.4 7. About 276 mi 
8. About 9 mi 


The following is a procedure for solving square-root radical equations. 


( soLvine SQUARE-ROOT RADICAL EQUATIONS 


To solve square-root radical equations: 


1. Isolate one of the radical terms. 

2. Use the principle of squaring. 

3. Ifaradical term remains, perform steps (1) and (2) again. 
4. Solve the equation and check possible solutions. 


Do Exercise 6. 


C) Applications 
Sighting to the Horizon. How far can you see from a given height? The 
equation 

D=V2h 


can be used to approximate the distance D, in miles, that a person can see to 
the horizon from a height h, in feet. 


EXAMPLE 6 _ How far to the horizon can you see through an airplane win- 
dow at a height, or altitude, of 30,000 ft? 


We substitute 30,000 for h in D = V2h and find an approximation using 
a calculator: 


D = V2- 30,000 © 245 mi. 


You can see for about 245 mi to the horizon. 


Do Exercises 7 and 8. 
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! EXAMPLE 7 Height ofa Ranger Station. How high is a ranger station if 
the ranger is able to see out to a fire on the horizon 15.4 mi away? 


15.4 = V2h 


We substitute 15.4 for Din D = V2h and solve: 


(15.4)? = (V2h)2 
237.16 = 2h 


Using the principle of squaring 
237.16 _ 

2 
118.58 = h. 


see out to a fire 15.4 mi away. 


The height of the ranger tower must be about 119 ft in order for the ranger to 


9. How far above sea level must a 
sailor climb on the mast of a 
ship in order to see 10.2 mi out 
to an iceberg? 
) 
Answer 
Do Exercise 9. 9. About 52 ft 
; For Extra Help 
Exercise Set ae 
1. Vx = 


a P 
| athixy = q —— 
MyMathLab PRACTICE WATCH DOWNLOAD oe REVIEW 

2. Vx = 1 
4. Vx = 6.2 5. Vy +4=13 
7 V2x +4 = 25 


10.44+ Vy—3=11 


3. Vx = 4.3 


8 V2x+1= 13 


6 Vy-5=21 


11. 6 — 2V3n = 0 


93+ Vx-1=5 


12. 8 — 4V5n = 0 
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13 


16. 


19 


22. 


25 


28 


31. 


34. 


. V5x —- 7 = Vx + 10 


~x-7= 


Vx-5 


Vx+18=x-2 


~V5x+ 21=x+3 


~x=1+ 


6Vx-9 


Vx27-4-x=6 
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14. V4x —5 = Vx + 9 


17. V2y + 6= V2y—-5 


20. Vx+7=x-5 


23.2Vx-l=x-1 


26. V27 — 3x =x- 3 


29. Vx? +6-—x+3=0 


32. Vx* -—5x+7=x-3 


5 35. V4x — 10 = V2 —x 


Radical Expressions and Equations 


15. 


18 


21 


24 


27 


30. 


33. 


36 


.2V3x — 2 = V2x- 3 


= 9S VxX— 3 


~X+4=4Vx41 


~V2x-1+2=x 


Vx27+5—-x+2=0 


~V2—-x = V3x-—7 
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(b) Solve. Use the principle of squaring twice. 


37. Vx —5 =5- Vx 38. Vx+9=1+ Vx 39. Vy + 8- Vy=2 
40. V8x+1=1-vVx+4 41. Vx-44+ Vx+1=5 42.14+ Vx+7= V3x-2 
43. Vx —-1= Vx — 31 44, V2x —5-1=Vx-—3 


(c) Solve. 


Use the formula D = V2h for Exercises 45-48. 


45. How far to the horizon can you see through an airplane 46. How far to the horizon can you see through an airplane 
window at a height, or altitude, of 27,000 ft? window at a height, or altitude, of 32,000 ft? 


47. How far above sea level must a pilot fly in order to see to 
a horizon that is 180 mi away? 


48. A person can see 220 mi to the horizon through an 
airplane window. How high above sea level is the 
airplane? 


Speed of a Skidding Car. How do police determine how fast a car had been traveling after an accident has occurred? The formula 
r= 2V5L 


can be used to approximate the speed r, in miles per hour, of a car that has left a skid mark of length L, in feet. (See Example 7 in 
Section 8.1.) Use this formula for Exercises 49 and 50. 


49. How far will a car skid at 65 mph? at 75 mph? 50. How far will a car skid at 55 mph? at 90 mph? 
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Skill Maintenance 


In each of Exercises 51-58, fill in the blank with the correct term from the given list. Some of the choices may not be used and 


some may be used more than once. 


51. Parallel lines have the same and different 
[9.6a] 


52. The number cis a(n) ofaifc? =a. [14.1a] 


53. The number cis the of aifc? = aand cis either 


zero Or positive. [14.la] 


54. Ifa situation gives rise to an equation y = kx, where kis a 
constant, we say that we have 


variation. [12.9a] 


55. The tule asserts that when dividing with 
exponential notation, if the bases are the same, keep the base and 
subtract the exponent of the denominator from the exponent of 
the numerator. [10.le] 


56. Ifa situation gives rise to an equation y = k/x, where kis a 
constant, we say that we have 


variation. [12.9c| 


57. The rule for radicals asserts that for any nonneg- 


VA /3 
ti Aand iti B,—= =,/—. [14. 
ative number A and any positive number VB B [14.3a] 


58. The rule for radicals asserts that for any nonneg- 
ative numbers A and B, VAVB = VAB.  [14.2a] 


Synthesis 


Solve. 


59. V5x2+5=5 60. Vx = —-x 


8 


62. x = (x — 2)Vx 63. Vx + ~ es 


65.-68. asa Use a graphing calculator to check your answers to Exercises 11-14. 
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y-intercepts 


product 


quotient 


perpendicular 


square root 


slope 


principal square root 


slope-intercept 


vertical 
solution 
direct 
positive 


inverse 


nonvertical 


graphs 
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(a) Right Triangles 


A right triangle is a triangle with a 90° angle, as shown in the figure below. 
The small square in the corner indicates the 90° angle. 


Hypotenuse 


Leg 


In a right triangle, the longest side is called the hypotenuse. It is also the 
side opposite the right angle. The other two sides are called legs. We generally 
use the letters a and b for the lengths of the legs and c for the length of the 
hypotenuse. They are related as follows. 


THE PYTHAGOREAN THEOREM 


In any right triangle, if a and b are the lengths of the legs and c is the 
length of the hypotenuse, then 


a2 + b2 = c?. 


a* + b? = ¢2 
32 + 42 = 52 
9+ 16 = 25 


The Pythagorean theorem is named after the ancient Greek mathemati- 
cian Pythagoras (5692- 500? B.c.). It is uncertain who actually proved this re- 
sult the first time. A proof can be found in most geometry books. 

If we know the lengths of any two sides of a right triangle, we can find the 
length of the third side. 


14.6 Applications with Right Triangles 


SKILL TO REVIEW 
Objective 14.1b: Approximate 
square roots of real numbers 
using a calculator. 


Use a calculator to approximate 
each square root. Round to three 
decimal places. 


1. V217 2. V29 


Answers 
Skill to Review: 


1. 14.731 2. 5.385 


1087 


1. Find the length of the hypotenuse 
of this right triangle. Give an 
exact answer and an approxima- 
tion to three decimal places. 


Cc 
we 
7 
2. Find the length of the leg of this 
right triangle. Give an exact 


answer and an approximation 
to three decimal places. 


Lt 
a 


Find the length of the leg of the 
right triangle. Give an exact answer 
and an approximation to three deci- 
mal places. 


3. 
Vil 
1 
b 
As | 
20 
a 
15 
Answers 


1. V65 ~ 8.062 2. V75 = 8.660 
3. V10 + 3.162 4. V175 = 13.229 


EXAMPLE 1 Find the length of the hypotenuse of this right triangle. Give 
an exact answer and an approximation to three decimal places. 


42 + 52 = ¢2 Substituting in the 


4 
Pythagorean equation 
16 + 25 = c? A 
Al= c2 c 5 
c= V4l Exact answer 
c © 6.403 Using a calculator 


EXAMPLE 2 Find the length of the leg of this right triangle. Give an exact 


answer and an approximation to three decimal places. 
10 
b 
12 


102 + b* = 122 Substituting in the 


Pythagorean equation 


100 + b* = 144 
b? = 144 — 100 
b? = 44 
b= V44 
b © 6.633 Using a calculator 


Exact answer 


Do Exercises 1 and 2. 


EXAMPLE 3 Find the length of the leg of this right triangle. Give an exact 


answer and an approximation to three decimal places. 
? + b? =(V7)* — Substituting in the 
V7 
1 
b 
EXAMPLE 4 Find the length of the leg of this right triangle. Give an exact 


Pythagorean equation 
answer and an approximation to three decimal places. 
: DS 
a 


1+b%=7 
b?=7-1=6 
b= V6 Exact answer 
b = 2.449 Using a calculator 


a* + 10? = 152 
a* + 100 = 225 

a* = 225 — 100 

a” = 125 

a= V125 Exact answer 
11.180 Using a calculator 


2 


Do Exercises 3 and 4. } 
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(b) Applications 


EXAMPLE 5 Skateboard Ramp. Ramps.com of America sells Land- 
wave ramps and decks that can be combined to create a skateboard ramp 
as high or as wide as one wants. The dimensions of the basic ramp unit are 
28 in. wide, 38.5 in. long, and 12 in. high. 


Source: www.ramps.com 


a) What is the length of the skating surface of one ramp unit? 
b) How many ramp units are needed for a 10-ft long skating surface? 


a) 


1. Familiarize. We first make a drawing and label it with the given dimen- 
sions. The base and the end of the ramp unit form a right angle. We label 
the length of the skating surface r. 


2. Translate. We use the Pythagorean equation: 
a? +b%=c? Pythagorean equation 


(38.5)? + 122 = r?. — Substituting 38.5 for a, 12 for b, 
and c for r 


3. Solve. We solve as follows: 


5. Guy Wire. How long is a guy 
(38.5)2 + 122 = 2 wire reaching from the top ofa 
‘ : 15-ft pole to a point on the 
1482.25 + 144 =r° — Squaring ground 10 ft from the pole? 
1626.25 = r2 Give an exact answer and an 
V 1626.25 = r Exact answer eee Ce vont ice 
decimal places. 


40.327 © r. Approximate answer 


4. Check. We check the calculations using the Pythagorean equation: 
38.5% + 12% = 1626.25 and (40.327)* ~ 1626. The length checks. (Re- 
member that we estimated the value of r.) 


5. State. The length of the skating surface of a single ramp unit is about 
40.327 in. 


b) In inches, the length of a 10-ft skating surface is 10 X 12 in., or 120 in. 
Each ramp unit is about 40 in. long. Thus it will take 120 + 40, or 3, units 
for aramp that has a 10-ft long surface. 


Do Exercise 5. 


Answer 
5. V325 ft ~ 18.028 ft 
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Translating 
for Success 


1. Coin Mixture. A collection of 6. Car Travel. One horse travels 
nickels and quarters is worth 75 km in the same time that a 
$9.35. There are 59 coins in all. The goal of these matching questions is horse traveling 5 km/h faster 


How many of each coin are to practice step (2), Translate, of the five- travels 105 km. Find the speed 
there? step problem-solving process. Translate of each horse. 

each word problem to an equation ora 

system of equations and select a correct 

translation from equations A-O. 


; . A. 5x + 25y = 9.35, . Money Borrowed. Emma 
. Diagonal ofa Square. Find the x+y=59 borrows some money at 5% 
length of a diagonal of a square simple interest. After 1 year, 
whose sides are 8 ft long. » 4? + x? = 8B $8568 pays off her loan. 
How much did she originally 
x(x + 26) = 568 borrow? 


8=x- 24 
. Shoveling Time. It takes Mark 
55 min to shovel 4 in. of snow — 105 


from his driveway. It takes Eric "x - TVTime. The average amount 
75 min to do the same job. How of time per day that TV sets in 


long would it take if they worked the United States are turned on 
together? a is 8 hr. What percent of the time 


are our TV sets on? 


Source: Nielsen Media Research 


2x + 2(x + 26) = 568 


. X+ 3x + (x + 3x — 17) = 180 
4. Angles of aTriangle. The second 


angle of a triangle is three times . x + 3x + (3x — 17) = 180 . Ladder Height. An 8-ft plankis 
as large as the first. The third is leaning against a shed. The 

17° less than the sum of the .  0.05x + 0.25y = 9.35, bottom of the plank is 4 ft from 
other angles. Find the measures x+y=59 the building. How high is the 
of the angles. top of the plank? 


82 + 8? = x? 


x? + (x + 26)* = 568 


. Lengths of a Rectangle. The 
area of a rectangle is 568 ft?. 
The length is 26 ft greater than 
the width. Find the length 
and the width. 


. Perimeter. The perimeter of a | x —5%- x = 8568 
rectangle is 568 ft. The length is 
26 ft greater than the width. Find 
the length and the width. 


O. x+ 5%: x = 8568 


Answers on page A-34 


For Extra Help 


14.6 | PSG mymathabl) “x © 3. = 


REVIEW 


Find the length of the third side of each right triangle. Where appropriate, give both an exact answer and an approxima- 
tion to three decimal places. 


1. 2. 3. 4. 


13 4V3 6 


12 


In aright triangle, find the length of the side not given. Where appropriate, give both an exact answer and an approximation to 
three decimal places. Standard lettering has been used. 


9. a= 10, b= 24 10. a=5, b= 12 ll. a=9, c=15 12. a= 18, c= 30 
13. b=1, c= V5 14. b=1, c= V2 15.a=1, c= V3 16. a= V3, b= V5 
17. c= 10, b=5V3 18. a=5, b=5 19. a= V2, b= V7 20. c= V7, a= V2 


(b) Solve. Don't forget to use a drawing. Give an exact answer and an approximation to three decimal places. 


21. Surveying Distance. A surveyor had poles located at 22. Airport Distance. An airplane is flying at an altitude of 
points P, Q, and R. The distances that the surveyor was 4100 ft. The slanted distance directly to the airport is 
able to measure are marked on the drawing. What is the 15,100 ft. How far is the airplane horizontally from the 
approximate distance from P to R? airport? 
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23. 


25. 


27. 


Contemporary Art. Inthe J. Irwin and Xenia Miller 
Gallery in the Indianapolis Museum of Art, you will find 
a collection by American artist Frederick Lane Sandback. 
The most intriguing piece is a line of red yarn 22.96 ft 
long that dissects the room, drawing the eye up and out 
the window. It extends from point a in the floor of the 
room to point b in the window 8.9 ft from the floor. How 
far is point a from point c at the bottom of the window 
directly below point b? 

Source: Indianapolis Museum of Art 


Indianapolis Museum of Art, Ann M. Stack Fund for 
Contemporary Art © Estate of Fred Sandback 


Ladder Height. A 10-m ladder is leaning against a 
building. The bottom of the ladder is 5 m from the 
building. How high is the top of the ladder? 


Diagonal of a Soccer Field. The largest regulation soccer 
field is 100 yd wide and 130 yd long. Find the length ofa 
diagonal of such a field. 


Skill Maintenance 


Solve. [13.3a, b] 
29. 5x + 7 = By, 30. 5x+ y= 17, 

3x = By — 4 —5x + 2y = 10 
33. Find the slope of the line 4 — x = 3y. [9.4a] 
Synthesis 
35. Find x. 

13 
5 
—_—_ 
x 
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24. 


26. 


28. 


31. 


34. 


36. 


Rope Course. An outdoor rope course consists of a cable 
that slopes downward from a height of 37 ft to a resting 
place 30 ft above the ground. The trees that the cable 
connects are 24 ft apart. How long is the cable? 


Diagonal of a Square. Find the length of a diagonal of a 
square whose sides are 3 cm long. 


Guy Wire. How long is a guy wire reaching from the top 
of a 12-ft pole to a point on the ground 8 ft from the base 
of the pole? 


3x — 4y = -11, 32.x + y=—-9, 
5x + 6y = 12 x-y=-ll 
Find the slope of the line containing the points (8,—3) 


and (0,—8). [9.3a] 


Skateboard Ramp. Ramps.com of America sells Land- 
wave ramps and decks that can be combined to create a 
skateboard tower, as shown in Example 5. The dimen- 
sions of the Landwave ramp are 28 in. X 38.5 in. X 12 in. 
The Landwave deck that is a rectangular prism measures 
28 in. X 38.5 in. X 12 in. How many ramps and how 
many decks are needed to build a tower that is 7 ft wide 
and 7 ft high? (Hint: For safety, the tallest column of the 
tower is built of only decks.) 

Source: www.ramps.com 
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14 Summary and Review 


@ ~ 
Key Terms and Formulas 
square root, p. 1046 radicand, p. 1048 conjugates, p. 1073 
principal square root, p. 1046 complex numbers, p. 1048 right triangle, p. 1087 
radical symbol, p. 1046 rationalizing the denominator, p. 1063 hypotenuse, p. 1087 
square root symbol, p. 1046 like radicals, p. 1071 leg, p. 1087 


radical expression, p. 1048 


Product Rule for Radicals; AVB = \/ AB 


VA A 
uotient Rule for Radicals: —> = ,/—= 
Q I VB B 
Principle of Squaring: If an equation a = bis true, then the equation a* = b’ is true. 
Pythagorean Equation: a” + b* = c?, where aand bare the lengths of the legs of a right triangle and 


cis the length of the hypotenuse. 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. When both sides of an equation are squared, the new equation may have solutions 
that the first equation does not. [14.5a] 


2. The square root of a sum is not the sum of the square roots. [14.2c] 


3. Ifan equation a = bis true, then the equation a” = b* is true. [14.5a] 


4. If an equation a* = b? is true, then the equation a = bistrue. [14.5a] 


Important Concepts 


Objective 14.1d Identify radicands of radical expressions. 


Example Identify the radicand in each expression. Practice Exercise 

1 x-1 1. Identify the radicand in the radical expression 
a) Vat+— b) 2x 

4 x+4 loy + Vy? — 3. 


1 
a) The radicand in Va + ri is a. 


pace Pe, aaa | 


b) The radicand in 2x ; 
x+4 x+4 


Objective 14.1e Determine whether a radical expression represents a real number. 


Example Determine whether each expression represents a Practice Exercise 
real number. 2. Determine whether each expression represents a real 
a) V-1l b) —V134 number. Write “yes” or “no.” 

a) —V-(-3) b) V—200 


a) The radicand, —11, is negative; V—11 is not a real number. 
b) The radicand, 134, is positive; —\V134 is a real number. 
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Objective 14.2a Simplify radical expressions. 


Example Simplify by factoring: V162x?. Practice Exercise 
V162x2 = V81-2- x? 3. Simplify by factoring: V1200y?. 
= V8IVx?V2 = 9xV2 


Objective 14.2b Simplify radical expressions where radicands are powers. 


Example Simplify by a V98x“y8, Practice Exercise 
Vo8x7y8 = V/49-2-x8-x- y8 4. Simplify by factoring: V175a!2b9. 


= VBV VIVE = 1x5y\VEE 


Objective 14.2c Multiply radical expressions and, if possible, simplify. 


Example Multiply and then, if possible, simplify: Practice Exercise 
V6cd?V 30c3d?. 5. Multiply and then, if possible, simplify: 
V6cd3V/ 303d? = V6cd3 - 30c3d2 VaxiyV12x4y3. 
= V2-3-2-3-5-+ct-d*-d 
= V4V9V c1Vd! Vid 
=2-3-c*-d*-V5d 
= 6c7d?V/5d 


Objective 14.3a Divide radical expressions. 


E 1. ‘Divide and/simplify V 108y* Practice Exercise 
xample Divide and simplify: —————. 
. V3y? a ae. W15b7 
nae 6. Divide and simplify: = 
108 108 5b 
yr y° P /s6y3 V 


V3y? 3y? 
= V36- y2- y= V36 Vy2 Vy = byVy 


Objective 14.3b Simplify square roots of quotients. 


Remnple Simpliby = Practice Exercise 
og [50 
(coe = 20 a= 20 By SUMO 4 eo 
500 25 - 20 20 


- fs 1= 6 -Ve-4 
25 25 V25 5 


Objective 14.3c Rationalize the denominator of a radical expression. 


Example Rationalize the denominator: oa a aca es 
7x 7x V3 8. Rationalize the denominator: <a 
Vig V2-3-3 V2 
7x + V2 7xV2 
 V2-3°3'V2 V2-3°3°2 
7xV2 _ 7xV2 
— EG 
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Objective 14.4a Add or subtract with radical notation, using the distributive laws to simplify. 


Example Add and, if possible, simplify. 


V9x — 18 + V16x3 — 32x2. 

V9x — 18 + V16x3 — 32x2 
= V9(x — 2) + V16x2(x — 2) 
= V9Vx—2 + V16x2Vx — 2 


= 3Vx—2+4+ 4xVx -— 2 
= (3 + 4x) Vx — 2 


Practice Exercise 


9. Add and, if possible, simplify: 
Vx3 — x2 + V36x — 36. 


Objective 14.4b Multiply expressions involving radicals, where some of the expressions 


contain more than one term. 


Example Multiply: (V3 + 4V5)(V3 — V5). 
(V3 + 4V5)(V3 -— V5) 
= V3-V3—- V3-V5+4V5- V3 —-4V5- V5 


=3-v15+4V15-—4:°-5 
=3- V15+ 4V15 — 20 = 3V15 —- 17 


Objective 14.4c Rationalize denominators having two terms. 


+ V3 
5- V3 


Example Rationalize the denominator: 


L+V3_ 14+ :v3 543 
5-V3 5-V3 5+V3 
(1 + V3)(5 + V3) 
(5 — V3)(5 + V3) 


52 — (v3)? 
5+V3+5V3+3 8+6V3 
~ 25-3 oe 
2(4+3V3) 44+3V3 
Gx 


Practice Exercise 
10. Multiply: (V13 — V2)(V13 + 2V2). 


Practice Exercise 


RS V2 
11. Rationalize the denominator: v2 
9+ V2 


Objective 14.5a Solve radical equations with one or two radical terms isolated, 


using the principle of squaring once. 


Example Solve: x — 3 = Vx — 1. 
x-3=Vx-1 
(= 37 =(VeH=1) 
x*-6x+9=x-1 
x? -—7x+10=0 
(x — 5)(x —- 2) =0 
x-5=0 or x-2=0 
x=2 


Squaring both sides 


x=5 or 
The number 5 checks, but 2 does not. Thus the solution is 5. 


x 


Practice Exercise 
12. Solve: x — 4 = Vx — 2. 
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Example Solve: Vx + 20 = 10 — vx. 
Vx + 20 = 10 — Vx 
(Vx + 20)? = (10 — Vx)? — Squaring both sides 
x + 20 = 100 — 20Vx + x 


20Vx = 80 
Vx=4 
(Vx)? = 42 Squaring both sides 
x= 16 


The number 16 checks and is the solution. 


Example Find the length of the third side of this right 
triangle. 


a? + b? = c? Pythagorean equation 
7 +b? =17% — Substituting 7 for a 
and 17 forc 
b) \" 49 + b2 = 289 
b* = 240 
= b = V240 © 15.492 


Review Exercises 


Objective 14.5b Solve radical equations with two radical terms, using the principle of squaring twice. 


Practice Exercise 


13. Solve: 12 — Vx = V90 — x. 


Objective 14.6a Given the lengths of any two sides of a right triangle, find the length of the third side. 


Practice Exercise 
14. Find the length of the third side of this triangle. 


4l 


32 


Find the square roots. [14.1la] 
1. 64 


Simplify. [14.1a] 
3. V36 


5. V3 
7. —V320.12 


[47.3 
Oe Sle 
11.2 


Identify the radicand. [14.1d] 


ll. Vx? +4 


2. 400 


4. —V 169 


Use a calculator to approximate each of the following 
square roots to three decimal places. [14.1b] 


6. V99 
3 [i 
“V 20 


10. 18V 11 - 43.7 


12. Vx + 2 


Determine whether the expression represents a real number. 


Write “ yes” or “no.” 


15. —V49 


17. V—36 


Simplify. [14.1] 
19. Vm? 


21. V16x2 


Simplify by factoring. 


23. V48 


25. Vt? — 14¢ + 49 


[14.1le] 
16. —V-4 


18. V(—3)(—27) 


20. V(x — 4)? 


22. V4p? — 12p + 9 


[14.2a] 


24. V/32t2 


26. Vx2 + 16x + 64 
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Simplify by factoring. [14.2b] 
27. Vx° 


Multiply. [14.2c] 
29. V3V7 


Multiply and simplify. [14.2c] 
31. V6V10 


33. V5xV 10xy2 


Simplify. [14.3b] 
25 49 


35. ./— 
64 t2 


Rationalize the denominator. 


I 
38. 3 


Simplify. [14.4a] 
44, 10V5 + 3V5 


I 
46. 3V2 — 5/3 


Simplify. [14.4b] 
47. (2 + V3)? 


28. V 75a’ 


30. Vx — 3Vx4+3 


32. V5xV8x 


34. V 20a°bV 5a2b2 


45. V80 — V45 


48. (2 + V3)(2 — V3) 


49. Rationalize the denominator: [14.4c] 


2+ V3" 


Solve. [14.5a] 
50. Vx-3=7 


51. V5x + 3 = V2x-—1 


52,1+x= V1+4 5x 


53. Solve: Vx = Vx —5+4+ 1. [14.5b] 


Solve. [14.1c], [14.5c] 


54. Speed of a Skidding Car. The formula r = 2V/5L can 
be used to approximate the speed s, in miles per hour, 
of a car that has left a skid mark of length L, in feet. 

a) What was the speed of a car that left skid marks of 
length 200 ft? 
b) How far will a car skid at 90 mph? 


In aright triangle, find the length of the side not given. 
Give an exact answer and an approximation to three 
decimal places where appropriate. Standard lettering 
has been used. [14.6a] 


55.a= 15, c= 25 56.a=1, b= V2 


Solve. [14.6b] 


57. Airplane Descent. A pilot is instructed to descend 
from 30,000 ft to 20,000 ft over a horizontal distance of 
50,000 ft. What distance will the plane travel during 
this descent? 


30,000 ft 


20,000 ft 4 
50,000 ft 


——— 
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58. Lookout Tower. The diagonal braces in a lookout Synthesis 
tower are 15 ft long and span a distance of 12 ft. How 
high does each brace reach vertically? 


61. Distance Driven. Two cars leave a service station at 
the same time. One car travels east at a speed of 50 mph, 
and the other travels south at a speed of 60 mph. After 
one-half hour, how far apart are they? = [14.6b] 


59. Solve: x — 2 = V4 —-— 9x. [14.5a] 
A. —5 B. No solution 62. SolveA = Va? + b*forb. [14.5a] 
Cc. 0 D. 0, —5 


63. Find x. [14.6a] 


60. Simplify: (2V7 + V2)(V7 — V2). [14.4b] 


A. 12 —- V7 B. 12 
Cc. 12 —- V14 D. 3V7 — 2 


~~ i 
4 9 
Understanding Through Discussion and Writing 
1. Explain why it is necessary for the signs within a pair of 4. Can a carpenter use a 28-ft ladder to repair clapboard 
conjugates to differ. [14.4c] that is 28 ft above ground level? Why or why not? 
[14.6b] 
2. Determine whether the statement below is true or false 5. Explain why possible solutions of radical equations 
and explain your answer. [14.la], [14.5a] must be checked. [14.5a] 


The solution of V11 — 2x = —3is 1. 
6. Determine whether each of the following is true for all 


real numbers. Explain why or why not. [14.1f], [14.2a] 
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3. Why are the rules for manipulating expressions with a) Vax = |xl-V5 
exponents important when simplifying radical Lae 
expressions? [14.2b] b) Vb°-4=b-2 
c) Vx? +16=x4+4 
x y 
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For Extra Help 


CHAPTER Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
1 4 Test A Test Prep shies ; 


on DVD, in Mymathab)) and on Yougiii3 (search “BittingerDevMath” and click on “Channels”. 


1. Find the square roots of 81. 


Simplify. 
2. V64 By —W25 


Approximate the expression involving square roots to three decimal places. 


4. V116 5. —V87.4 6. 4V5->6 


7. Identify the radicand in 8V/4 — y?. 


Determine whether each expression represents a real number. Write “yes” or “no.” 


8. V24 Gh WH=28 

Simplify. Multiply. 

10. Va? Mi sey" 12. V5V6 13. Vx — 8Vx + 8 

Simplify by factoring. 

14. V27 15. V25x — 25 16. Vt5 

Multiply and simplify. Simplify. 

17. V5V10 18. V3abV bab? ree pay ee 

vale i) 2 

Rationalize the denominator. Divide and simplify. 

21. Jz Bees ga VE Jagan 
5 y n/32 V80xy? 


Test: Chapter 14 1099 


Add or subtract. 


255.3, V 18) on 18 


Simplify. 
27. (4 — V5)? 


29. Rationalize the denominator: Fi 


al 


Solve. 
31. V3x+2=14 


34. Sighting to the Horizon. The equation D = V2h can 
be used to approximate the distance D, in miles, that a 
person can see to the horizon from a height h, in feet. 

a) Howfar to the horizon can you see through an airplane 
window at a height of 28,000 ft? 

b) Christina can see about 261 mi to the horizon 
through an airplane window. How high is the 
airplane? 


2, 
36. Rationalize the denominator: , | ae 


5b 
pe ana 
5b b \ 5a 
V10 6a%b 
oie Disab 
Synthesis 
Simplify. 
37. VV V625 
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By Whe ar Ils) = sear 3} 


1 
26, v5 +,/ 


28M (Aen) (an) 


30. In aright triangle, a = 8 and b = 4. Findc. Give an 
exact answer and an approximation to three decimal 
places. 


Ss, Wl = se sk Il = WS = ae 


35. Lacrosse. A regulation lacrosse field is 60 yd wide 
and 110 yd long. Find the length of a diagonal of such 
a field. 


38. pee 
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Quadratic Equations 


15.1 Introduction to 
Quadratic Equations 


15.2 Solving Quadratic Equations by 
Completing the Square 

15.3 The Quadratic Formula 

MID-CHAPTER REVIEW 

15.4 Formulas 


15.5 Applications and 
Problem Solving 


TRANSLATING FOR SUCCESS 
15.6 Graphs of Quadratic Equations 
VISUALIZING FOR SUCCESS # oe S 
15.7. Functions Se a oe eee 


SUMMARY AND REVIEW 
TEST 


Real-World Application 


The Grand Canyon Skyway, a horseshoe-shaped glass observation deck, extends 

70 ft off the South Rim of the Grand Canyon. This structure, completed in 2007, can 
support a few hundred people, but the number of visitors allowed on the skywalk at 
any one time is 120. The Skyway is approximately 4000 ft above the ground. Ifa 
tourist accidentally drops a camera from the observation deck, how long will it take 
the camera to fall to the ground? 

Source: The Grand Canyon Skyway 


This problem appears as Example 11 in Section 15.2. 
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SKILL TO REVIEW 
Objective 11.7b: Solve quadratic 
equations by factoring and then 


using the principle of zero products. 


Solve by factoring and using the 
principle of zero products. 


1. x2 + 15x =0 
2. x2 + 8x = 33 


Answers 


Skill to Review: 
1, =-16,0 2. =11,3 
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x Algebraic-Graphical Connection 


Before we begin this chapter, let’s look back at some algebraic—graphical 
equation-solving concepts and their interrelationships. In Chapter 9, we 
considered the graph of a linear equation y = mx + b. For example, the 
graph of the equation y = 2x — 4and its x-intercept are shown below. 


Ify = 0, then x = g Thus the 
x-intercept is (8 0). This point is also 
the intersection of the graphs of 
y = 3x — 4andy = 0. 


x-intercept 


In Chapter 8, we learned how to solve linear equations like 
0 = 3x — 4 algebraically. We proceeded as follows: 


4=8x  Adding4 
B= x, Multiplying by 2 


We see that 2, the solution of 0 = 3x — 4, is the first coordinate of the 
x-intercept of the graph of y = 3x — 4. 


Do Margin Exercise 1 on the following pa 


In this chapter, we build on these ideas by applying them to quad- 
ratic equations. In Section 11.7, we briefly considered the graph of a 


quadratic equation 


y=ax*+bx+c, a#0. 


For example, the graph of the equation y = x* + 6x + 8 and its 


x-intercepts are shown below. 

The x-intercepts are (—4,0) and 
(—2, 0). We will develop in detail the 
creation of such graphs in Section 15.6. 
The points (—4, 0) and (—2, 0) are the 
intersections of the graphs of 
y=x* + 6x + Bandy =0. 


y=x24+6x+8 


x-intercepts ~~ | 


We began studying the solution of quadratic equations like 
x7 + 6x+8=0 
in Section 11.7. There we used factoring for such solutions: 


x2 +6x+8=0 


(x + 4)(x + 2) =0 Factoring 
x+4=0 or x+2=0 Using the principle of zero 
products 
x=-4 or x= 2. 


We see that the solutions of x2 + 6x + 8 = 0, —4 and —2, are the first 
coordinates of the x-intercepts, (— 4, 0) and ( — 2, 0), of the graph of 
y=x7 + 6xt+ 8. 


Do Exercise 2. 


We will enhance our ability to solve quadratic equations in 
Sections 15.1-15.3. 


SG 
a) Standard Form 


The following are quadratic equations. They contain polynomials of second 
degree. 


4x2 + 7x -5 =0, 


3t? — 3t = 9, 
5y* = —6y, 
5m2 = 15 


The quadratic equation 4x2 + 7x — 5 = Ois said to be in standard form. 
Although the quadratic equation 4x = 5 — 7x is equivalent to the preceding 
equation, it is notin standard form. 


QUADRATIC EQUATION 


A quadratic equation is an equation equivalent to an equation of the type 
ax? + bx+c=0, a>O, 


where a, b, and c are real-number constants. We say that the preceding 
is the standard form of a quadratic equation. 


We define a > 0 to ease the proof of the quadratic formula, which we con- 
sider later, and to ease solving by factoring, which we review in this section. 
Suppose we are studying an equation like —3x? + 8x — 2 = 0. It is not in 
standard form. We can find an equivalent equation that is in standard form by 
multiplying by —1 on both sides: 


1(-3x2 + 8x = 2) = =1(0) 
3x2 — 8x +2=0. 


Standard form 


1. a) 


b) 


c) 


Consider the linear equation 
y = —2x — 3. Find the inter- 
cepts and graph the equation. 


Solve the equation 


2 

0= 4% Sh 
Complete: The solution of the 
equation 0 = —2x — 3is 
—_. This value is the ___ 
___— of the x-intercept, 
( ), of the graph 
ofy = —3x — 3. 


, 


2. Consider the quadratic equation 
y = x* — 2x — 3 andits graph 
shown below. 


a) 


b) 


Solve the equation 

x2 — 2x -3=0. 
(Hint: Use the principle of 
zero products.) 
Complete: The solutions of the 
equation x2 — 2x — 3 = Oare 
—— and ——. These values 
ei doe ——, ——. Ovi ng 
x-intercepts, ( } 
and ( ; ), of the 
graph of y = x* — 2x — 3. 


) 


Answers 
1. (a) y-intercept: (0, —3); x-intercept: (-3 0); 


(b) — 5; (c) —53 

first coordinate; (- 7 0) 
2. (a) —1,3; (b) -1, 3; 
first coordinates; 
(-1,0), (3, 0) 
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Write in standard form and 
determine a, b, and c. 


3. 6x2 = 3 — 7x 
Al, We = By 
5.3 — x* = 9x 


6. 3x + 5x2 = x2 — 44 2x 


Ty Se? = Dil 


Solve. 


8. 2x2 + 8x = 0 


9. 10x2 — 6x = 0 


Answers 

3. 6x2 + 7x — 3 =0;a=6,b=7,c= 

4. y* — 8y=0;a=1,b= -8,c=0 

5. x2 + 9x -3=0;a=1,b=9,c = -3 

6. 4x2 +x4+4=0;a=4,b=1,c=4 

7. 5x2 — 21 =0;a =5,b=0,c = —21 
3 

8.0,-4 9. 0,— 


5 


3 


' EXAMPLES Write in standard form and determine a, b, and c. 


1. 4x2 + 7x-5=0 The equation is already in standard form. 


ay ee oe 


a=4 b=7; ¢ 


2. = — 0.5x = 9 
— 0.5% -9=0 Subtracting 9. This is standard form. 


oes 


a=3; b=—0.5; c= 
3. —4y? = 5y 


—4y” — 5y =0 Subtracting Sy 
A_____________ Not positive 


4y* + 5y=0 Multiplying by —1. This is standard form. 
a=4 b=5; c=0 h 


Do Exercises 3-7. 


(b) solving Quadratic Equations of the Type 
ax* + bx =O 


Sometimes we can use factoring and the principle of zero products to solve 
quadratic equations. We are actually reviewing methods that we introduced 
in Section 11.7. 

When c = 0 and b # 0, we can always factor and use the principle of zero 
products. (See Section 11.7 for a review.) 


' EXAMPLE 4 Solve: 7x? + 2x = 0. 


7x* + 2x = 0 
x(7x + 2) = 0 Factoring 
x=0 or 7x+2=0 Using the principle of zero products 
x=0 or 7X = —2 
2 
x=0 or x=-5 
Check: For 0: For —2: 
7x2 + 2x = 0 Tx? + 2n= 0 
7-02+2-020 7(-2)2 + 2(-2)? 0 
0 | TRUE 4 4 
er ae 
4_4 
77 7 
0 TRUE 
The solutions are 0 and —. j 
Caution! 


You may be tempted to divide each term in an equation like the one in 
Example 4 by x. This method would yield the equation 


7x+2=0, 


whose only solution is —4. In effect, since 0 is also a solution of the original 
equation, we have divided by 0. The error of such division means the loss of 
one of the solutions. 
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| EXAMPLE 5. Solve: 4x2 — 8x = 0. 
We have 
4x* — 8x = 0 
4x(x — 2) =0 Factoring Let’s visualize the solutions in Example 5. 


* Algebraic-Graphical 


Connection 


4x =0 or x-2=0 Using the principle of 
zero products 


=0 or x= 2. 


The solutions are 0 and 2. i 


A quadratic equation of the type ax* + bx = 0, where c = 0 
and b + 0, will always have 0 as one solution and a nonzero 
number as the other solution. 


Do Exercises 8 and 9 on the preceding page. We see that the solutions of 4x2 — 8x = 0, 


0 and 2, are the first coordinates of the 
‘ ‘ § -int ts, (0, 0 d (2,0), of th h 
(¢) Solving Quadratic Equations of the ee 


Type ax* + bx +c =0 


x 


When neither b nor c is 0, we can sometimes solve by factoring. 


> Algebraic-Graphical 


) EXAMPLE 6 Solve: 2x? — x — 21 = 0. Connection 
We have 
(2 = % = 387 SG Let’s visualize the solutions in Example 6. 
(2x — 7)(x + 3) =0 Factoring 


2x-7=0 or x+3=0 Using the principle of 
zero products 


2x=7 or S38 
x= Z or = —-3 
The solutions are 3 and —3. ) 


| EXAMPLE 7 Solve: (y — 3)(y — 2) = 6(y — 3). 
We write the equation in standard form and then factor: 


We see that the solutions of 


2 = . . 
— 5y+ 6= 6y- 18 Multipl 
Pi 7 yy uluplying 2x2 — x — 21 = 0, -3 and Z are the 

y“ — lly + 24=0 Standard form first coordinates of the x-intercepts, 

(y — 8)(y- 3) =0 Factoring (—3, 0) and (3, 0), of the graph of 

y-8=0 or y-3=0 Using the principle of zero y = 2x? —x— 21. 
products x 
y=8 or y = 3. 

The solutions are 8 and 3. 


Solve. 


Do Exercises 10 and 11. 10) 402 oe eR 


lil, (ge = Wye ze I) = See = 1) 


Answers 
10. -2,2 11. 1,4 
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BUDGET YOUR TIME 


As the semester comes to a close 


Recall that to solve a rational equation, we multiply both sides by the LCM 
of all the denominators. We may obtain a quadratic equation after a few steps. 
When that happens, we know how to finish solving, but we must remember to 
check possible solutions because a replacement may result in division by 0. 


See Section 12.6. 


and papers and projects are due, it 
becomes more critical than ever 5 


3 
that you manage your time wisely. ' EXAMPLE 8 Solve: we 


i x47 


If you aren't already doing so, con- 


sider writing out an hour-by-hour 
schedule for each day and then 
follow it as closely as possible. 


12. Solve: 
20 


se-ap 15) 


Answer 
12. 5,13 


1106 


CHAPTER 15 


We multiply by the LCM, which is (x — 1)(x + 1): 


(e-yer+ny-( : a 


x-1 x+1 


)=2-@ tee WT). 


We use the distributive law on the left: 


3 5 


(x- Det 1)-s T+ I)(x + 1) + = atx 1)(x + 1) 
3(x + 1) + 5(x — 1) = 2(x - 1)(x + 1) 
3x +3 + 5x —-5 = 2(x* - 1) 
i= 2S 20" =2 
0 = 2x? — 8x 
0 = 2x(x — 4) Factoring 
2x=0 or x-4=0 
x=0 or x= 4, 
Check: For 0: For 4: 
3 5 3 5 
x= 1 a Poe | is 
<O oie 2  og 3 , 5 95 
O-1 O0O+1 4-1 441 
8.8 2.6 
=]. ~ 1 3.5 
-34+5 1+1 
2 TRUE 2 TRUE 


The solutions are 0 and 4. 


Do Exercise 12. 


(d) Solving Applied Problems 


EXAMPLE 9 Diagonals of a Polygon. 
The number of diagonals d of a polygon 
of n sides is given by the formula 


n2 — 3n “Zs 


C= — 


If a polygon has 27 diagonals, how many sides does it have? 


1. Familiarize. We can make a drawing to familiarize ourselves with the 
problem. We draw an octagon (8 sides) with its diagonals and see that there 
are 20 diagonals. Let’s check this in the formula. We evaluate the formula 


Quadratic Equations 


forn = 8: 
13. Consider the following heptagon, 


d 8? — 3(8) 64-24 40 50 that is, a polygon with 7 sides. 
7 2 ey en men 
2. Translate. We know that the number of diagonals is 27. We substitute 
27 for d: 
n2 — 3n 
27 = ——— 
2 
3. Solve. We solve the equation for n, reversing the equation first for 
convenience: 
a a) Draw all the diagonals and 
3 = 27 then count them. 
23 b) Use the formula 
a ae = 2-27 Multiplying by 2 to clear fractions He ae 
2 
De = 
ft 3n = 54 to check your answer to 
n? — 3n- 54=0 Subtracting 54 part (a) by evaluating the 
(n — 9)(n + 6) =0 Factoring formula for n = 7. 
ae = c) A polygon has 44 diagonals. 
BS SE eee How many sides does it have? 
n=9 or n= -6. 


4. Check. Since the number of sides cannot be negative, —6 cannot be a 
solution. We leave it to the student to show by substitution in the formula 
that 9 checks. 


5. State. The polygon has 9 sides. (It is a nonagon.) 


Do Exercise 13. 


Calculator Corner 


Solving Quadratic Equations We can use the INTERSECT feature to solve a quadratic y= (&-D@+D, 
equation. Consider the equation in Margin Exercise 11, ee 


(x — 1)(x + 1) = 5(x — 1). 


First, we enter yy = (x — 1)(x + 1) and y2 = 5(x — 1) onthe equation-editor screen and graph the 
equations, using the window [ —5, 5, —5, 20], Yscl = 2. We see that there are two points of intersection, Tnterection 
so the equation has two solutions. 

Next, we use the INTERSECT feature to find the coordinates of the lefthand point of intersection. (See the 
Calculator Corner on p. 998 for the procedure.) The first coordinate of this point, 1, is one solution of the equation. y=%-DeE+D, 
We use the INTERSECT feature again to find the other solution, 4. y= Sie = 1} 

Note that we could use the Zero feature to solve this equation if we first write it with 0 on one side, that is, 
(x — 1)(x +1) — 5x - 1) = 0. 


Vi=10) 
Xscl = 1, Yscl = 2 


Exercises: Solve. nintareection 
1. 5x2 — 8x +3=0 2. 2x2 — 7x -— 15 =0 oS 
3. 6(x — 3) = (x — 3)(x — 2) 4. (x + 1)(x — 4) = 3(x — 4) 


Xscl = 1, Yscl = 2 


Answers 
14 diagonals; 


(b) 14 diagonals; (c) 11 sides 
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15.1 


(a) Write in standard form and determine a, b, and c. 


1 


11 


15 


19 


21 


.x2-3x4+2=0 


x? + 5x = 
. 5x? = 2x 
. 0 = 10x? — 30x 
. 1407 = 3¢ 
. Sy? — 3y* = 72y + 9y 


(c) Solve. 


23 


27. 


31. 


35. 


39. 


43. 


47. 


49. 


. x2 + 8x — 48 = 0 


18 = 7p + p* 


x2 + 10x + 25=0 


6x2 ++x-2=0 


6x2 — 4x = 10 
i(t-—5)=14 
16(p — 1) = p(p + 8) 
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8. 


12. 


16. 


28. 


36. 


40. 


44, 


2. x2 — 8x -5 =0 


5.5 = —2x2 + 3x 


x2 + 7x =0 


llx = 3x? 


0 = 10x? — 50x 


. x2 — 16x + 48 =0 


t2 + 14t = —24 


.x%+6x+9=0 


2x2 - 1lx+15=0 


3x2 — 7x = 20 


6z7+z-1=0 


Quadratic Equations 


For Extra Help 


MyMathLab 


20. 


22. 


29. 


33. 


41. 
45. 
48. 


50. 


PRACTICE 


ni BG = & 


WATCH 


DOWNLOAD READ REVIEW 


3. 7x2 = 4x — 3 


6. 3x —1= 5x2 +9 


(9 + t) = 4(2t + 5) 


3x* + 6x = 0 10 
. 4x2 + 4x = 0 14, 
. Lx = 55x? 18 

6m = 19m? 

63p — 16p* = 17p + 58p 
254+ 6x4 x2 = 26. 

-15 = —8y + y? 30. 

r2 = 8r— 16 34, 
. 3a” = 10a + 8 38. 

2t? + 12t = -10 42. 


46. 


. 4x2 + 8x = 0 


8x2 — 8x = 0 


. 33x2 = -llx 


x2 +104 11x=0 


15b — 9b2 = 4 


12w2 — 5w = 2 


3y? + By = 1l2y + 15 


Copyright © 2012 Pearson Education, Inc. 


51 aes ee 52 8 + BE =3 
“x-2 > x+2- "x+2 0° x-2- 
12 3 5 30 
55.14 = 56. =1 
x2-4 x-2 t-3 7-9 
7 + - + 
59. ~ 1x 8 ens > ae, 3 _ 
pe C= 8 K=4° K=3 
d) Solve. 


63. Diagonals. A decagon is a figure with 10 sides. How 
many diagonals does a decagon have? 


65. Diagonals. A polygon has 14 diagonals. How many 
sides does it have? 


Skill Maintenance 


eee oh rae ee 
“x x+6 4 “x x+9 20 
r 2 8 x+2 2 
57. t 58. = 
r-l r#-1 r+il x2-2 3-x 
+ = 
61. 5 3 4 62, 22 ll 32-1 
y+t4 y-2 2z + 8 a= 1 


64. Diagonals. A hexagon is a figure with 6 sides. How 
many diagonals does a hexagon have? 


66. Diagonals. A polygon has 9 diagonals. How many sides 


does it have? 


Simplify. [14.1a], [14.2a] 

67. V64 68. —V/169 69. V8 70. V12 

71. V20 72. V88 73. V405 74. V1020 
Use a calculator to approximate the square roots. Round to three decimal places. [14.1b] 

75. V7 76. V23 ree Je 78. V524.77 
Synthesis 

Solve. 


79. 4m? — (m + 1)? =0 80. x2 + V22x = 0 
IASI Usea graphing calculator to solve each equation. 


83. 3x* — 7x = 20 84. x(x — 5) 


= 14 


81. V5x2 — x =0 82. V7x2 + V3x = 0 


85. 3x2 + 8x = 12x + 15 


86. (x — 2)(x +2) =x+2 87. (x 


89. 16(x — 1) = x(x + 8) 


+ 3(x- 2) =4 88. (x + 3)* =4 


90. x2 + 2.5x + 1.5625 = 9.61 
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(a) Solving Quadratic Equations 
of the Type ax@ = p 


For equations of the type ax? = p, we first solve for x2 and then apply the 
principle of square roots, which states that a positive number has two square 
roots. The number 0 has one square root, 0. 


THE PRINCIPLE OF SQUARE ROOTS 


* The equation x* = dhas two real solutions when d > 0. The 
solutions are Vd and — Vd. 


* The equation x* = dhas no real-number solution when d < 0. 


° The equation x* = 0 has 0s its only solution. 


SKILL TO REVIEW 
Objective 11.5b: Factor trinomial 
squares. 


! EXAMPLE 1 Solve: x? = 3. 
x2 =3 


Factor. x= V3 or x=-V3 Using the principle of square roots 


1. x2 — 18x + 81 


re ee | Check: For V3: For —V3: 
x2 = x2 = 
(V3) 2 3 (-V3)? 23 
3 | TRUE 3 | TRUE 
The solutions are V3 and— V3. ) 


1. Solve: x? = 10. Do Margin Exercise 1. } 


| EXAMPLE 2 Solve: 5x? = 0. 
ix? = 0 
x?=0 Multiplying by8 
x=0 Using the principle of square roots 


The solution is 0. ) 


2. Solve: 6x2 = 0. Do Margin Exercise 2. } 


! EXAMPLE 3 Solve: —3x2 + 7 = 0. 


—3x7 +7=0 
—3x? = -7 Subtracting 7 
2-7 _7 ik 4s 
x“ = +3 Dividing by —3 
x= A or x=- i Using the principle of square roots 

Answers —s — 

Skill to Review: X=V3°3 Or X=—-V3°3 Rationalizing the denominators 

1. (x-—9)% 2. (x +1)? 21 21 

Margin Exercises: x= “3. or x= a 


1. V10,-—vV10 2.0 
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V21 —3x7+7=0 V21 —3x2 
Check: For : For : 

a (By 40% a (2 

3 | 3 
21 21 
—3 iz 9 as. 7 —3 a 
-7+7 -7 

0 TRUE 
V21 V21 
The solutions are and — a ) 


Do Exercise 3. 


yr ~ 
\b> Solving Quadratic Equations of the 
Type (x + c)*=d 
In an equation of the type (x + c)? = d, we have the square of a binomial 


equal to a constant. We can use the principle of square roots to solve such an 
equation. 


EXAMPLE 4 Solve: (x — 5)* = 9. 


(x -—5)*=9 
x-5=3 or x-5=-3 Using the principle of square roots 
x=8 or x=2 
The solutions are 8 and 2. b 


EXAMPLE 5 Solve: (x + 2)? = 7. 
(x +2)? =7 


x+2=V7 or x+2=-V7 Using the principle of 
square roots 


x=-2+ V7 or x=-2- V7 


The solutions are —2 + V7 and —2 — V7, or simply —2 + V7 (read “—2 plus 
or minus V7”). ) 


| Do Exercises 4 and 5. 


In Examples 4 and 5, the left sides of the equations are squares of bino- 
mials. If we can express an equation in such a form, we can proceed as we did 
in those examples. 


EXAMPLE 6 Solve: x2 + 8x + 16 = 49. 


x2 + 8x + 16 = 49 The left side is the square of a 
binomial; A? + 2AB + B? = (A + B)?. 


(x + 4)* = 49 
x+4=7 or x+4=-7 Using the principle of square roots 
=3 or x=-ll 
The solutions are 3 and —11. b 


| Do Exercises 6 and 7. 


15.2 Solving Quadratic Equations by Completing the Square 


+7=0 
| 
t+ 720 
7 
t 7 
0 TRUE 


3. Solve: 2x2 — 3 


Solve. 
4, (x — 3)2 


16 


5. (x + 4)* = 11 


Solve. 

6. x2 — 6x + 9 = 64 

7x2 -2x+1=5 
Answers 
3. ve v6 4. 7,-1 

2 a, 
6.-5,11 714 V5 
1111 


BEGINNING TO STUDY FOR 


THE FINAL EXAM 


. Begin by browsing through each 
chapter, reviewing the high- 
lighted or boxed information 
regarding important formulas in 
both the text and the Summary 
and Review. There may be 
some formulas that you will 
need to memorize. 


. Retake the chapter tests that 
you took in class, assuming your 
instructor has returned them. 
You can also use the chapter 
tests in the text. Restudy the 
objectives in the text that corre- 
spond to each question you 
missed. 


. Work the final Cumulative Review 
during the last couple of days 
before the final. Be careful to 
avoid any questions correspon- 
ding to objectives not covered. 
Again, restudy the objectives in 
the text that correspond to 
each question you missed. 


. For remaining difficulties, see 
your instructor, go to a tutoring 
session, or participate in a study 
group. 


c ) Completing the Square 


We have seen that a quadratic equation like (x — 5)* = 9 can be solved by 

using the principle of square roots. We also noted that an equation like 

x? + 8x + 16 = 49 can be solved in the same manner because the expres- 

sion on the left side is the square of a binomial, (x + 4)*. This second pro- 

cedure is the basis for a method of solving quadratic equations called 

completing the square. It can be used to solve any quadratic equation. 
Suppose we have the following quadratic equation: 


x* + 10x = 4. 


If we could add to both sides of the equation a constant that would make the 
expression on the left the square of a binomial, we could then solve the equa- 
tion using the principle of square roots. 

How can we determine what to add to x? + 10x in order to construct the 
square of a binomial? We want to find a number a such that the following 
equation is satisfied: 


x? + 10x + a* = (x + a)(x + a) = x* + 2ax + a’. 


Thus, ais such that 2a = 10. Solving for a, we get a = 5; that is, ais half of the 
coefficient of x in x2 + 10x. Since a” = ()2 = 5% = 25, we add 25 to our 
original expression: 


x? + 10x + 25is the square of x + 5; 


that is, 


x? + 10x + 25 = (x + 5). 


COMPLETING THE SQUARE 


To complete the square of an expression like x* + bx, we take half of the 
coefficient of x and square it. Then we add that number, which is (b/2)?. 


Returning to solve our original equation, we first add 25 on both sides to 
complete the square on the left and find an equation equivalent to our origi- 
nal equation. Then we solve as follows: 

x? + 10x =4 
x* + 10x + 25 = 4+ 25 


Original equation 


Adding 25: 
(2)? = 52 = 25 


(x + 5)* = 29 
x+5= V29 or x+5=-V29 Using the principle 
of square roots 
x=-5+ V29 or x= -5 - V29. 


The solutions are —5 + V29. 

We have seen that a quadratic equation (x + c)* = dcan be solved by us- 
ing the principle of square roots. Any quadratic equation can be put in this 
form by completing the square. Then we can solve as before. 
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. EXAMPLE 7 Solve: x” + 6x + 8 = 0. 
We have 


x2 + 6x +8 


Il 
i) 


x? + 6x =-8. Subtracting 8 


We take half of 6, § = 3, and square it, to get 3°, or 9. Then we add 9 on both 
sides of the equation. This makes the left side the square of a binomial. We 
have now completed the square. 


x2 +6x+9=-8+9 Adding 9. The left side is the square 
of a binomial. 
(x +3) = 
x+3=1 or x+3=-l1 Using the principle of square roots 
x=-2 or x=-4 
The solutions are —2 and —4. b 
| Do Exercises 8 and 9. 
/ EXAMPLE 8 Solve x* — 4x — 7 = 0 bycompleting the square. 
We have 
x? —4x-7=0 
x? — Ax =—7 Adding 7 
x?-4x+4=7+4 Adding 4 
GP=—ar=4 
(x= 2) =11 
x-2=vi11 or x-2=-VI11 Using the principle of 
square roots 
x=2+VI11 or =2- Vill. 
The solutions are 2 + V11. p 
Do Exercise 10. 


Example 7, as well as the following example, can be solved more easily by 
factoring. We solve them by completing the square only to illustrate that com- 
pleting the square can be used to solve any quadratic equation. 


| EXAMPLE 9 Solve x* + 3x — 10 = 0 by completing the square. 


We have 
x? + 3x-10=0 
x? + 3x = 10 
x2 + 3x+2?=10+? Adding §: (3)? = $ 
Ce) ee a ke 
x+ 3 = f or x+ 3 = —{ Using the principle of square roots 
x= or x= -} 
x=2 or x= —-5. 
The solutions are 2 and—5. ) 


Do Exercise 11. 


Solve. 
8. x2 — 6x + 8=0 


9. x2 + 8x — 20=0 


10. Solve: x2 — 12x + 23 = 0. 


11. Solve: x2 — 3x — 10 = 0. 


Answers 


82,4 9. -10,2 10.64 V13 
ll. —2,5 
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When the coefficient of x2 is not 1, we can make it 1, as shown in the fol- 
lowing example. 


) EXAMPLE 10 Solve 2x? = 3x + 1 by completing the square. 


We first obtain standard form. Then we multiply by 4 on both sides to 
make the x*-coefficient 1. 


2x? = 3x41 

2x2 — 3x -1=0 Finding standard form 
il 1 1 
5 (2x* 3x—-1)=5-0 Multiplying by 5 to make the 

x*-coefficient 1 
1 
2—+y-—l= 
x x 5 0 


Adding 5 


1 
2 
3 9 1.9 9 f1f 3\]/2 [ 3]2 9 
Eeekeded sumed (CO -E- 
So ie 8 ae dane is |a\ 2 4} 16 
8 


4 16 
es 3 = 17 a 3 aaa 17 Using the principle of 
4 4 4 4 square roots 
3 17 3. VI17 
x=-+—— or LS 
4 4 4 4 


. 34 
The solutions are 


SOLVING BY COMPLETING THE SQUARE 
To solve a quadratic equation ax? + bx + c = 0 by completing the 
square: 

1. Ifa # 1, multiply by 1/aso that the x?-coefficient is 1. 

2. If the x*-coefficient is 1, add so that the equation is in the form 


b 
x? + bx =-c, or x*%+ ato ~ © iffstep (1) has been applied. 


3. Take half of the x-coefficient and square it. Add the result on both 
sides of the equation. 


4. Express the side with the variables as the square of a binomial. 
5. Use the principle of square roots and complete the solution. 


Completing the square provides a basis for the quadratic formula, which 
12. Salve: 2x2 bay = 3 0 we will discuss in Section 15.3. It also has other uses in later mathematics 
courses. 


Do Exercise 12. 


Answer 
-3 + V33 
4 


12. 
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‘d) Applications 


EXAMPLE 11 Falling Object. The Grand Canyon Skyway, a horseshoe- 
shaped glass observation deck, extends 70 ft off the South Rim of the Grand 
Canyon. This structure, completed in 2007, can support a few hundred people, 
but the number of visitors allowed on the skywalk at any one time is 120. The 
Skyway is approximately 4000 ft above the ground. If a tourist accidentally 
drops a camera from the observation deck, how long will it take the camera to 
fall to the ground? 

Source: The Grand Canyon Skyway 


1. Familiarize. If we did not know anything about this 
problem, we might consider looking up a formula in a 
mathematics or physics book. A formula that fits this 
situation is 


s = 16, 


where s is the distance, in feet, traveled by a body falling 
freely from rest in ¢ seconds. This formula is actually 

an approximation in that it does not account for air 
resistance. In this problem, we know the distance s to 
be 4000 ft. We want to determine the time f¢ that it takes 
the object to reach the ground. 


2. Translate. We know that the distance is 4000 ft and 


that we need to solve for t. We substitute 4000 for s: 
4000 = 16f2. This gives us a translation. 


3. Solve. We solve the equation: 


4000 = 16t? 
4000 
— =e Solving for t? 
4000 _ ; _ [4000 _ Using the principle of 
16 16 square roots 
15.8 =f or —15.8* t. Using a calculator to find the 
square root and rounding to the 
nearest tenth 


4. Check. The number —15.8 cannot be a solution because time cannot 
be negative in this situation. We substitute 15.8 in the original equation: 


s = 16(15.8)? = 16(249.64) = 3994.24. 


This answer is close: 3994.24 ~ 4000. Remember that we rounded to 
approximate our solution, t ~ 15.8. Thus we have a check. 


13. Falling Object. The CN Tower 
in Toronto is 1831 ft tall. How 


5. State. It takes about 15.8 sec for an object to fall to the ground from the 


Grand Canyon Skyway. long would it take an object to 


fall to the ground from the top? 
i Do Exercise 13. Source: World Almanac, 2008 


Answer 
13. About 10.7 sec 
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5. 5x2 = 3 


9. 3x2 — 49 = 0 


13. 49y? — 64 = 0 


(b) Solve. 


15. (x + 3)? = 16 
19. (x + 13) =8 


23. (x + 9)? = 34 


27. x7 — 6x + 9 = 64 


20. 


24, 


28. 


= 100 

. 2x2 = 9 

. 5x? — 16 =0 
. 8x2 — 400 = 0 
. (x — 4)? = 25 
(x — 13)? = 64 
(t+ 5)* = 49 


p* — 10p + 25 = 100 


(c) Solve by completing the square. Show your work. 


31. x2 — 6x — 16 =0 


34. x7 + 14x - 15 =0 
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32. x2 + 8x + 15 =0 


35. x7 — 2x -5 =0 


Quadratic Equations 


For Extra Help 


MyMathLab 


PRACTICE 


3. 5x2 = 35 


7. 4x2 — 25 =0 


11. 4y? -3=9 


17. (x + 3)? = 21 


21. (x — 7)? = 12 


29. x2 + 14x + 49 = 64 


WATCH 


vy TQ = 


DOWNLOAD READ 


4. 5x2 = 45 


8. 9x2 -4=0 


12. 36y* — 25 = 0 


18. (x — 3)? 


ll 
for) 


22. (x + 1)*=14 


30. ¢2 + 8f + 16 = 36 


33. x2 + 22x + 21=0 


36. x2 — 4x - 11=0 


REVIEW 


Copyright © 2012 Pearson Education, Inc. 


37. 


40. 


43. 


46. 


49. 


52. 


x? — 22x + 102 =0 


x2-— 10x -4=0 


x2 + 3x — 28=0 


x? —3x-2=0 


3x2 + 4x-1=0 


2x2 = 5x + 12 


(d) Solve. 


55. 


Burj Dubai. As of January 2009, the Burj Dubai in 


38. x2 — 18x + 74=0 


Al. x2 — 7x -2=0 


44. x2 — 3x — 28=0 


47. 2x2 + 3x -17=0 


50. 3x2 — 4x - 3 =0 


53. 6x2 + llx = 10 


Dubai, The United Arab Emirates, is the tallest structure 
in the world. It stands at 2684 ft. How long would it take 


an object to fall from the top? 
Source: www.infoplease.com/ipa/A0001338.html 


56. Petronas Towers. 
Towers in Kuala Lumpur, Malaysia, is one of the tallest 
buildings in the world. How long would it take an object 
to fall from the top? 

Source: The New York Times Almanac 


Kuala Lumpur 


39. x7 + 10x -4=0 


42. x2 + 7x-2=0 


48. 2x2 — 3x -1=0 


51. 2x2 = 9x +5 


54, 4x2 + 12x = 7 


At a height of 1483 ft, the Petronas 
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57. Willis Tower. The Willis Tower in Chicago, formerly called 58. Taipei 101. The Taipei 101 building in Taipei, Taiwan, is 


the Sears Tower, is 1451 ft tall. The Willis Tower Skydeck, 1670 ft tall. How long would it take an object to fall from 
an observation deck, is 1353 ft above ground. How long the top? 
would it take an object to fall from the observation deck? Source: World Almanac, 2008 


Source: The Willis Tower 


Skill Maintenance 


In each of Exercises 59-66, fill in the blank with the correct term from the given list. Some of the choices may not be used and 
some may be used more than once. 


59. The rule asserts that when multiplying with square root 
exponential notation, if the bases are the same, we keep the base slope-intercept 
and add the exponents. [10.1d] quadratic 
principal square root 
60. A(n) equation is an equation add 
to an equation of the type ax? + bx + c = 0, where a, b, and c are rational 
real-number constants anda > 0. [15.1la] quotient 
power 
61. The number —5 is not the of 25. [14.1la] subtract 
divide 
. se 8 product 
62. The number c is a(n) ofaifc- =a. [14.la] 
equivalent 
solution 
63. The rule asserts that when dividing with expo- multiply 
nential notation, if the bases are the same, we keep the base and 
subtract the exponent of the denominator from the exponent of 
the numerator. [10.le] 
64. The rule for radicals asserts that for any nonneg- 
ative radicands Aand B, VA: VB = VA~-B. [14.2a] 
65. The rule for radicals asserts that for any nonneg- 
ative radicand A and positive radicand B “a = 2 [14.3a] 
r "VB B : 
66. The rule asserts that to raise a power to a power, 
we the exponents. [10.2a] 
Synthesis 
Find b such that the trinomial is a square. 
67. x2 + bx + 36 68. x2 + bx + 55 69. x2 + bx + 128 
70. 4x2 + bx + 16 71. x2 + bx +c 72. ax* + bx +c 
Solve. 
He 32 x 36 4 
73, mse 4.82x2 = 12,000 74, == = 75. — = —— 76. ——- = 1 
2 x 9 4x m*—7 
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We learn to complete the square to prove a general formula that can be used 
to solve quadratic equations even when they cannot be solved by factoring. 


(a) Solving Using the Quadratic Formula 


Each time you solve by completing the square, you perform nearly the same 
steps. When we repeat the same kind of computation many times, we look for 
a formula so we can speed up our work. Consider 


ax* + bx+c=0, a>O. 


Let’s solve by completing the square. As we carry out the steps, compare 
them with Example 10 in the preceding section. 


SKILL TO REVIEW 
Objective 7.1a: Evaluate algebraic 


2) 1 expressions by substitution. 
x2 4+ =x 4+ —_ 0 Multiplying by — ° . 
a a a Evaluate. 
b . c 
xP Se Ss Adding —— 1. ae —2andb = 4 
a a 2a 


2 


2 
Half of ud is a The square is _ Thus we add - on both sides. 
a 2a 4a 4a 


2. —x + y, when x = —1 and 
y=-10 


b b? a b2 
2 = . 
KO SX: = Adding —; 
a Aa a Aa? ae 
” bY 4ac  b? Factoring the left side and finding a 
. 2a) —s«Aa2~—s« Aa common denominator on the right 
(<+ 2 = Ee 
2a 4a 
b b2-4 b b2 - 4 i inci 
“a _ ac ee ae _ ac Using the principle 
2a 4a2 2a 4a2 of square roots 
Since a > 0, V4a? = 2a, so we can simplify as follows: 
ee b= Vb? — 4ac eek b V b2 — 4ac 
2a 2a 2a 2a : 
Thus, 
b= Vb? - 4ac b= Vb2 — 4ac 
x= + or x= ; 
2a 2a 2a 2a 
b = Vb? — 4ac 
so = a , 
2a 2a 
—b + Vb? — 4ac 
or x= 5g . 


We now have the following. 


THE QUADRATIC FORMULA 


The solutions of ax? + bx + c = Oare given by 


= \/p2 — 
x= b+ Vb a Answers 
2a Skill to Review: 
11 2..-9 
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15.3. The Quadratic Formula 


The formula also holds when a < 0. A similar proof would show this, but 
we will not consider it here. 


EXAMPLE 1 Solve 5x? — 8x = —3 using the quadratic formula. 
We first find standard form and determine a, b, and c: 
5x2 — 8x + 3 =0; 
a=5, b=~—-8, c=3. 


We then use the quadratic formula: 


~ —b+ Vv b? — 4ac 
- 2a 
OPEV Pee is, 
x i 9.5 i ubstituting 
Caution! 
8 + V64 — 60 Be sure to write the fraction 
oa 10 bar all the way across. 
8+ V4 
x= 
10 
x= 8 Ere 
10 
8+ 2 —2 
= or x =—— 
10 10 
x= = or x= = 
~ 10 ~ 10 
3 
=] =, 
x or x= = 
1. Solve using the quadratic The solutions are 1 and 2. 


formula: 


Dye? = AL = 758, Do Exercise 1. 


It would have been easier to solve the equation in Example 1 by factoring. 
We used the quadratic formula only to illustrate that it can be used to solve 
any quadratic equation. The following is a general procedure for solving a 
quadratic equation. 


SOLVING QUADRATIC EQUATIONS 
To solve a quadratic equation: 
1. Check to see if it is in the form ax” = por (x + c)* = d. If itis, use 
the principle of square roots as in Section 15.2. 


2. Ifit is not in the form of (1), write it in standard form, 
ax” + bx + c = Owithaand b nonzero. 


3. Then try factoring. 


4. Ifit is not possible to factor or if factoring seems difficult, use the 
quadratic formula. 


The solutions of a quadratic equation can always be found using the 
quadratic formula. They cannot always be found by factoring. (When 
the radicand b? — 4ac = 0, the equation has real-number solutions. 
Answer When b2 — 4ac < 0, the equation has no real-number solutions.) 
1. -4,3 
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EXAMPLE 2 Solve x* + 3x — 10 = O using the quadratic formula. 
The equation is in standard form, so we determine a, b, and c: 
x* + 3x — 10 = 0; 
a=1, b=3, c 10. 


We then use the quadratic formula: 


ea et Vb? — 4ac 
2a 
—3 + V32 - 4-1- (-10) 
x= wal Substituting 
ark t VIF 
2 
ya tS _ 3 +7 
2 2 
Thus, 
x= tifa 2 or x= St 5. 


The solutions are 2 and —5. 
Note that when the radicand is a perfect square, as in this example, we 
could have solved using factoring. j 


Do Exercise 2. 


EXAMPLE 3 Solve x* = 4x + 7 using the quadratic formula. Compare 
using the quadratic formula here with completing the square as we did in 
Example 8 of Section 15.2. 


We first find standard form and determine a, b, and c: 
x2 — Ax — 7 = 0; 
b==4, c= =7. 


a=1, 


We then use the quadratic formula: 


—b + Vb? — 4ac _ ~(—4) + V(-4)? - 4-1: (-7) eis 
x= = Substituting 
2a 2 ih 
4+ V16 + 28 4+ V44 
xX = = 
2 2, 
waft V4-11 4+ V4viil 
2 2 
‘ 4+ 2vVI11 2:2+4+2VvI11 
2 250] 
2424+ V1l) 2 24VI1 Factoring out 2 in the numerator 
wv -] ~ 90 1 and the denominator 
x=24vVI11. 


The solutions are 2 + V11 and 2 — V11, or2 + V11. ; 


Do Exercise 3. 


(x Algebraic-Graphical 
\ Connection y 


Let’s visualize the solutions in 
Example 2. 


y=x"7+3x —10 
-15+ 


We see that the solutions of 

x? + 3x — 10 = 0,—5and 2, are the 
first coordinates of the x-intercepts, 
(—5, 0) and (2, 0), of the graph of 
y=x* + 3x- 10. 


x 


2. Solve using the quadratic 
formula: 


x2 — 3x-10=0. 


3. Solve using the quadratic 
formula: 


568 dk Age = 7%, 


Answers 
2.-2,5 3.-24VIl 
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Calculator Corner 


Visualizing Solutions 
of Quadratic Equations 

To see that there are no real-number 
solutions of the equation in Example 4, 


etx = -, 


we graph y, = x2 + xand y2 = —1. 


y=x?+x,y,=-1 


We see that the graphs do not 
intersect. Thus there is no real number 
for which y; = yo, orx® + x = —1. 


Exercise: 


1. Explain how the graph of 
y = x2 + x + 1 shows that 
the equation in Example 4, 
x? + x = —1, has no real- 
number solutions. 


Solve using the quadratic formula. 
4.x2=x-1 


5. 5x2 — 8x = 3 


6. Approximate the solutions to the 
equation in Margin Exercise 5. 
Round to the nearest tenth. 


Answers 
4 = 


s 


4. Noreal-number solutions 5. 


6. —0.3, 1.9 
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EXAMPLE 4 Solve x* + x = —1 using the quadratic formula. 
We first find standard form and determine a, b, and c: 
x7+x+1=0; 
a@a=1, b=1, c=1. 


We then use the quadratic formula: 


as Vb? —da¢ -lt VIF=4:1«1 -1la v=3 
2a 2h 2 
Note that the radicand (b* — 4ac = —3) in the quadratic formula is negative. 


Thus there are no real-number solutions because square roots of negative 
numbers do not exist as real numbers. ) 


EXAMPLE 5 Solve 3x? = 7 — 2x using the quadratic formula. 
We first find standard form and determine a, b, and c: 
3x? + 2x — 7 = 0; 
a=3, b=2, c 7. 


We then use the quadratic formula: 


bi Vb2—4ac —-2+V22-4-3-(-7) -24-vaye4 


= 2a . 2.3 ~ 523 
—2 + V88 —2 4+ V4: 22 —2 + V4V/22 —2 + 2V22 
6 6 6 6 
2(-1 + V22) 2 -14+V22_ -1+ V22 
2-3 ~ 2 3 7 3 
. —1+ V22 —l] — V22 =1 4 V22 
The solutions are and 


3 = g © 3 


Do Exercises 4 and 5. 


b) Approximate Solutions 
A calculator can be used to approximate solutions of quadratic equations. 


EXAMPLE 6 Use a calculator to approximate to the nearest tenth the 
solutions to the equation in Example 5. 


Using a calculator, we have 


—-1+ V22 

— A = 1.230138587 ~ 1.2tothenearesttenth, and 
-1 - V22 

——. = —1.896805253 =~ —1.9 to the nearest tenth. 


The approximate solutions are 1.2 and—1.9. 


Do Exercise 6. 


Quadratic Equations 


: For Extra Help G = 
15.3 | BSG mymatal) “e Bod oS 


(a) Solve. Try factoring first. If factoring is not possible or is difficult, use the quadratic formula. 


1. x? — 4x = 21 2.x2 + 8x =9 3. x2 = 6x —9 4. x* = 24x — 144 
5. 3y? — 2y- 8 =0 6. 3y? — 7yv + 4=0 7. 4x2 + 4x = 15 8. 4x2 + 12x =7 

9.x2-9=0 10. x? - 16 =0 11. x? — 2x -2=0 12. x? — 2x -11=0 
13. y? — 10y + 22 =0 14. y? + 6y-1=0 15. x2 + 4x+4=7 16. x2 —- 2x +1=5 
17. 3x2 + 8x + 2=0 18. 3x2 — 4x - 2 =0 19. 2x2 — 5x =1 20. 4x2 + 4x =5 

21. 2y? —- 2y-1=0 22. 4y2 + 4y-1=0 23. 202+ 6+ 5 =0 24, 4y?2 + 3y + 2=0 
25. 3x2 = 5x +4 26. 2x2 + 3x =1 27. 2y* — 6y = 10 28. 5m? = 3 + 1lm 
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32.4 -— 3 = ——> 
x 


3lox+2= 
x 


b> solve using the quadratic formula. Use a calculator to approximate the solutions to the nearest tenth. 


35. x2 — 4x -7=0 36. x2 + 2x -2=0 


39. 4x2 + 4x = 1 40. 4x2 = 4x + 1 


Skill Maintenance 


Add or subtract. [14.4a] 
43. V40 — 2V/10 + V90 


47. Simplify: V80. 


44, V/54 — V/24 
[14.2a] 


49. Simplify: V.9000x!9.  [14.2b] 


51. Find an equation of variation in which y varies inversely 
as x, and y = 235 when x = 0.6. [12.9c] 


Synthesis 


Solve. 

53. 5x + x(x — 7) = 0 
55.3 — x(x - 3) =4 
57. (y+ 4)(y + 3) = 15 
59. x2 + (x +2)2% = 


61. fas Usea graphing calculator to determine whether the 
equation x” + x = 1 has real-number solutions. 


37. y* —- 6y-1=0 


41. 


45. 
48. 


50. 


52. 


54. 
56. 
58. 
60. 
62. 


38. y2 + 10y + 22 =0 


3x2 — 8x +2=0 42. 3x2 + 4x -—2=0 


VI8 + V50 — 3V8 46. V81x3 — V4x 
Multiply and simplify: V3x?V/9x°3. [14.2c] 


F F . ie 
Rationalize the denominator: JE [14.3c] 


The time T to do a certain job varies inversely as the 
number N of people working. It takes 5 hr for 24 people 
to wash and wax the floors in a building. How long 
would it take 36 people to do the job? = [12.9d] 


x(3x + 7) — 3x =0 
x(5x — 7) =1 

(y+ 5)(y— 1) = 27 
x? + (x +1)? =5 


lawa Use a graphing calculator to determine whether the 
equation x* = 2x — 3 has real-number solutions. 


63.—70. lass Use a graphing calculator to approximate the solutions of the equations in Exercises 35-42. Compare your answers 


with those found using the quadratic formula. 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. The equation x2 = —4 has no real-number solutions. [15.2a] 


2. The solutions of ax? + bx + c = Oare the first coordinates of the 
y-intercepts of the graph of y = ax* + bx +c. [15.1c] 


3. A quadratic equation of the type ax + bx = 0, where c = 0 and 
b # 0, will always have 0 as one solution and a nonzero number as 
the other solution. [15.1b] 


Guided Solutions 


Fill in each blank with the number or expression that creates a correct solution. 
4. Solve x? — 6x — 2 = 0 by completing the square. [15.2c] 
4° = tr — 2 = 0 


x* — 6x = 
a7 6x [| |= 2+ 
(x- OY = 
» = tVT] 
x= ae V11 
5. Solve 3x* = 8x — 2 using the quadratic formula. [15.3a] 
3x2 = 8x — 2 
3x2 — ap =0 Standard form 
= , b= , C= 
We substitute for a, b, and c in the quadratic formula: 
Say me AE 4 
x= Dis 2 sa Quadratic formula 
= ae Wl \F = 4 A 
x= an Substituting 
Pe eee ees _ 8+ VE: 10 
6 6 
pe ea ao ee) Ee 
6 2: 


Mixed Review 


Write in standard form and determine a, b,andc. [15.1la] 


6. gq? — 5g + 10 =0 7.6—x%= 14x +2 8. 172 = 322 
Solve by factoring. 
9. 16x = 48x? [15.1b] 10. x(x — 3) = 10 [15.1c] 11. 20x? = 20% = 0 [15.16] 
12. x2 = 14% — 49 [15.1e] 13. t2 + 2t=0 [15.1b] 14, 18w2 + 2lw=4 [15.1c] 
15. 9y* — 5y? = 82y + 6y [15.1b] 165 2(s — 3) —s(s— 3)" )[l5-te} 17. 8y? — 40y = —7y + 35. [15.1c] 


Mid-Chapter Review: Chapter 15 1125 


Solve by completing the square. [15.2c] 


18. x2 + 2x -3=0 19. x2 — 9x +6=0 
20. 2x2 = 7x + 8 21. y? + 80 = 18y 
te) aa 23.x +7 = -3x2 

ee) 
Solve. 
24. 6x* = 384 [15.2al 25. 5y2 + 2y+3=0 [15.3a] 26. 6(x — 3)? = 12 [15.2b] 
27. 4x2 + 4x =3 [15.3a] 28. 8y? -—5=19 [15.2a] 29.a*=a+1 [15.3al 

‘ 5 125 

30. (w — 2) = 100 [15.2b] 31. 5m? + 2m = -3  [15.3al 32.(y—5) =] ([5.2b] 
33. 3x —75=0 [15.2al 34, 2x2 — 2x -5 =0 [15.3a] 35. (x + 2)? = —-5 [15.2a] 


Solve and use a calculator to approximate the solutions to the nearest tenth. [15.3b] 
36. y7-y-8=0 37. 2x2 + 7x +1=0 


For each equation in Exercises 38-42, select the correct description of the solutions of the equation from A-C in the right-hand column. 


38. x2 -—x-6=0 [15.3al A. Two real-number solutions 
39. x2 = —9 [15.2a] B. No real-number solutions 
40. x7 = 31 [15.2a] C. Ois the only solution. 


Al. x2 =0 [15.2a] 


42.x2-—x+6=0 [15.3a] 


—24 + V72 
43. Solve: (x — 3)? = 36. [15.2b] 44. Simplify: a [15.3a] 
ACEO S Be =33;,39 
C. =3.9 D. V6 ne —8 aes B. —4 an 
G. es = ay D. -2 + 2V5 
Understanding Through Discussion and Writing 
45. Mark asserts that the solution of a quadratic equation is 46. Find the errors in the following solution of the equation 
3 + V14 and states that there is only one solution. What x27 +x =6. 
mistake is being made? [15.2b] eG 
tel =6 E 
i=] 
x=6 or x+1=6 3 
x=6 or x=5 [l5a,b] 3 
=| 
47. Explain how the graph of y = (x — 2)(x + 3) is related to 48. Under what condition(s) would using the quadratic formula gE 
the solutions of the equation (x — 2)(x + 3) = 0. [15.la] not be the easiest way to solve a quadratic equation? [15.3a] = 
49. Write a quadratic equation in the form y = ax2 + bx + c 50. Explain how you might go about constructing a quadratic 8 
that does not cross the x-axis. [15.3a] equation whose solutions are-—5 and7. [15.1c] 2 
g 
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(a) Solving Formulas 


Formulas arise frequently in the natural and social sciences, business, engi- 
neering, and health care. In Section 8.4, we saw that the same steps that are 
used to solve linear equations can be used to solve a formula that appears in 
this form. Similarly, the steps that are used to solve a rational, radical, or 
quadratic equation can also be used to solve a formula that appears in one of 


these forms. 


{ EXAMPLE 1 Intelligence Quotient. The formula Q = 


determine the intelligence quotient, Q, of a person of mental age m and 


chronological age c. Solve for c. 


SKILL TO REVIEW 
Objective 8.4b: Solve a formula for 
a specified letter. 


100m 


is used to 


Solve for the indicated letter. 
1. Q= mx + y, forx 


We have xty+z 
2. R = ————, forz 
_ 100m 2 
c 
100m oe i ‘ 
e. QO =e = Multiplying by c on both sides to clear the fraction 
cQ = 100m Simplifying 
100 
c= oe Dividing by Q on both sides 


This formula can be used to determine a person’s chronological, or actual, 


OR 
1. a) Solve for /: E = ba 


age from his or her mental age and intelligence quotient. ] I 


9R 


(Do Margin Exercise 1. 1) SONGIOELE = ie 


! EXAMPLE 2 Solve forx: y = ax + bx — 4. 


y=ax+bx-A4 
y+4=ax + bx 


y+4=(at b)x 
yt+4 (a + b)x 
(a+b) (a+b) 
ytaA 
a+b 


We want this letter alone on one side. 


Adding 4. All terms containing x are on the 
right side of the equation. 


Factoring out the x 

Dividing by a + b on both sides 
Simplifying. The answer can also be written 
yt+4 

a+b ) 


| Do Margin Exercise 2. 


asx = 


2. Solve for x: y = ax — bx + 5. 


Answers 
Skill to Review: 


Q-y 
1. x 2Z2=2R-x-y 
m 


Margin Exercises: 


OR EI y-s5 
L@I=Fs@)R=> Bx=7 
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Caution! 


Had we performed the following steps in Example 2, we would not have 
solved for x: 


y=ax+bx—A4 
y-ax+4=bx Subtracting ax and adding 4 
x occurs on both sides 


of the equals sign. 
yr axt+4 © 


b Xx. Dividing by b 


The mathematics of each step is correct, but since x occurs on both sides of 
the formula, we have not solved the formula for x. Remember that the letter 
being solved for should be alone on one side of the equation, with no 
occurrence of that letter on the other side! 


| EXAMPLE 3 Solve the following work formula for tf: 


We clear fractions by multiplying by the LCM, which is ab: 


t 
ab - (Z + ‘) =ab-1 Multiplying by ab 
t Using a distributive law to 
ae b_ ab remove parentheses 
bt + at = ab Simplifying 
(b + a)t = ab Factoring out t 
ab ae 
3. Optics Formula. Solve for /: c= a Dividing by b + a i 
pee 
aq if Do Exercise 3. 
) EXAMPLE 4. Distance to the Horizon. Solve for h: D = V2h. (See Exer- 
cises 45-48 in Exercise Set 14.5.) 
This is a radical equation. Recall that we first isolate the radical. Then we 
use the principle of squaring. 
D=V2h 
DA= (vane Using the principle of squaring (Section 14.5) 
D? = 2h Simplifying 
D2 
—=h Dividing by 2 j 
2 
L F 
| EXAMPLE 5 Solve forg: T = 27 z (the period of a pendulum). 
We have 
L L wer : : 
z= 4/= Dividing by 277 to isolate the radical 
277 g 
re L\4 
Answer (+) = ye) é Using the principle of squaring 
pq 
ar 
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Then 


TL 
472g 
eT? = Ag*L Multiplying by 47r2g to clear fractions 
AnL 
g= ma Dividing by T? to get g alone 


i 
Do Exercises 4-6. 


In most formulas, the letters represent nonnegative numbers, so we need 


not use absolute values when taking square roots. 


! EXAMPLE 6 Torricelli’s Theorem. The speed v of a liquid leaving a water 
cooler from an opening is related to the gravity g and the height h of the top 


of the liquid above the opening by the formula 


p2 


= 3g 
Solve for v. 

Since v2 appears by itself and there is no 
expression involving v, we first solve for v2. 
Then we use the principle of square roots, 


taking only the nonnegative square root 
because v is nonnegative. 


2gh = v* Multiplying by 2g to 
clear the fraction 
V2gh =v Using the principle of 


square roots. Assume 
that v is nonnegative. 


n2 — 3 
. EXAMPLE 7 ‘Solve for n: d = a 


p 
Do Exercise 7. 


a where d is the number of diago- 


nals of an n-sided polygon. (See Example 9 in Section 15.1.) 


In this case, there is a term involving n as well as an n?-term. Thus we must 


use the quadratic formula. 


2 
—3 
qa a 3n 
2 
n* — 3n = 2d Multiplying by 2 to clear fractions 
n* — 3n— 2d=0 Finding standard form 
a=1, b=-—3, c=-2d  Thevariable is n;d represents a 
constant. 
“be Wp =A 
n= = Quadratic formula 
2a 
=('3) V(-3)2 —4-1-(-2d) Substituting into the 
Ls 5.4 quadratic formula 
3+ V9 + 8d Using the 
= 2 positive root ) 


Do Exercise 8. 


4. Solve for L: r = 2V/5L (the 
speed of a skidding car). 


5. Solve for L: T = 2m 


E 
6. Solve for m: c = ,/—. 
m 


7. Solve for r: A = mr? (the area of 
a circle). 


8. Solve for n: N = n2 — n. 


Answers 
2 T2. 

Leo Bie geek 
20 An? c2 


1+ V1+4N 


rae a 8. n 
\ a . 2 
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— P. 
a S JZ 


READ REVIEW 


PRACTICE WATCH DOWNLOAD 


(a) Solve for the indicated letter. 


V 
loq= ui for I 


(An engineering formula) 


9. A= at+ bt, fort 


if = 4; fore 
a b 


(A work formula) 


17,.A= Shh, for b 


(The area of a triangle) 


20. S = 27(r +h), forr 


23. P= 17VQ, forQ 


27. S = Arr’, forr 
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28. E = mc?, forc 


4A M kmM 
zy for a 3.S= es form 4.5 = a , for M 
t kmM 
pee for W2 par tow aco" , ford 
w2 w2 d? 


10. S = rx + sx, forx ll. y = ax + bx +c, forx 12. y = ax — bx — c, forx 


i 4, for b 
a Db 


(A work formula) 


1 1 1 1 1 1 
15. —+-—=-—, for 16.—+—=-—, forg 
a Saas pq f 


(An optics formula) (An optics formula) 


1 
18. 5 = 38t" for g 


19. S = 2mr(r +h), forh 
(The surface area of a right 
circular cylinder) 


4. ee, HER Bie en Peep 
. R ~ ry To’ . R : I 
(An electricity formula) 
(RY 
eS 
2gE aT 
24. A = 14V¢1, fort 25.v= = for E 26. Q=, [ for T 


29. P= kA* + mA, forA 30. Q = ad? — cd, ford 
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31. 


35. 


39. 


41. 


43. 


46. 


49. 


52. 


c* = a* + b’, fora 


A= ar? + 2arh, forr 


c= Va? + b’, fora 


h= 5 V3, fora 


(The height of an equilateral triangle with sides of 


length a) 


n= aT*—4T+™m, forT 


1 2 
E= gm + mgy, for v 


36. A = 2ar2 + 2arh, forr 


32. c = Vaz + b?, forb 33. s = 16¢2, fort 


A 
37. F = —_, forv 


40. c2 = a2 + b?, forb 


42. d = sV2, fors 


length of the legs) 


44, y = ax* + bx +c, forx 


47. 3x2 = d*, forx 


53. ——— = Q, for B 54. 


34. V= mrh, forr 


, fort 


15.4 Formulas 


(The hypotenuse of an isosceles right triangle with s the 
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55. S = 180(n — 2), forn 56. S = 5 (4 + 1), fora 57. A= P(1 + rt), fort 


(An interest formula) 
A C A C 
58. A = P(1 + rt), forr 59. BD for D 60. BD’ for B 
(An interest formula) 
Ka-b Pt-—h 
61. C= a , fora 62. Q= , fort 


Skill Maintenance 


In aright triangle, where a and b represent the lengths of the legs and c represents the length of the hypotenuse, find the length 
of the side not given. Give an exact answer and an approximation to three decimal places. [14.6a] 


63.a=4,b=7 64. b= 11,c= 14 65.a=4,b=5 

66. a = 10,c = 12 67. c= 8VI17,a=2 68. a = V2,b = V3 

Solve. [14.6b] 

69. Guy Wire. How long is a guy wire reaching from the top 70. Soccer Fields. The smallest regulation soccer field is 
of an 18-ft pole to a point on the ground 10 ft from the 50 yd wide and 100 yd long. Find the length of a diagonal 
pole? Give an exact answer and an approximation to of such a field. 


three decimal places. 


Multiply and simplify. [14.2c] 


71. V3x - V6Xx 72. V 8x2 > V24x3 
73. 3Vt- Vit 74, Vee XP 
Synthesis 
75. The circumference C of a circle is given by C = 2771. 76. Solve 3ax* — x — 3ax + 1 = 0 forx. 


a) Solve C = 27r forr. 

b) The area is given by A = 7rr?. Express the area in 
terms of the circumference C. 

c) Express the circumference C in terms of the area A. 
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(a) Using Quadratic Equations to 
Solve Applied Problems 


! EXAMPLE 1 Blueberry Farming. Kevon is investing in blueberry farming. 
The area of his rectangular blueberry field is 4800 yd*. The length is 10 yd 
longer than five times the width. Find the dimensions of the blueberry field. 


1. Familiarize. We first make a drawing and label it with both known and 


unknown information. We let w = the width of the rectangle. The length 
of the rectangle is 10 ft longer than five times the width. Thus the length 
isSw + 10. 


5w+ 10 


. Translate. Recall that area is length < width. Thus we have two expres- 
sions for the area of the rectangle: (5w + 10)(w) and 4800. This gives us 
a translation: 


(5w + 10)(w) = 4800. 
. Solve. We solve the equation: 


5w2 + 10w = 4800 
5w2 + 10w — 4800 = 0 


w + 2w — 960 = 0 Dividing by 5 
(w + 32)(w — 30) = 0 Factoring (the quadratic 
formula could also be used) 
w+ 32=0 or w-—30=0 Using the principle of zero 
products 
w= —32 or w = 30. 


. Check. We check in the original problem. We know that —32 is not a solu- 
tion because width cannot be negative. When w = 30, 5w + 10 = 160, 
and the area is 30 X 160, or 4800. This checks. 


. State. The width of the rectangular blueberry field is 30 yd, and the 
length is 160 yd. ) 


Do Exercise 1. 


1. Painting Dimensions. The 
area of a rectangular framed 
painting is 52 ft?. The length is 
5 ft longer than twice the width. 
Find the dimensions of the 
framed painting. 


Answer 
1. Length: 13 ft; width: 4 ft 
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' EXAMPLE 2 Staircase. A mason builds a staircase in such a way that the 


2. Animal Pen. The hypotenuse 
of a right triangular animal pen 
at the zoo is 7 yd long. One leg is 4 
2 yd longer than the other. Find 
the lengths of the legs. Round to 
the nearest tenth. 


portion underneath the stairs forms a right triangle. The hypotenuse is 6 m 
long. The leg across the ground is 1 m longer than the leg next to the wall at 
the back. Find the lengths of the legs. Round to the nearest tenth. 


1. 


Familiarize. We first make a drawing, letting s = the length of the 
shorter leg. Then s + 1 = the length of the other leg. 


. Translate. To translate, we use the Pythagorean equation: 


s*+ (s+ 1)* = 64. 


. Solve. We solve the equation: 


vot 1 =6 
s2 +524 254+ 1=36 
2s% + 25 — 35 = 0. 


Since we cannot factor, we use the quadratic formula: 


a=2, b=2, ¢ 35 


ba Vib tae 2 + VP 2 288) 


2a 2-2 
p= D2 E V4 + 280 _ =2 + V284 
4 4 
po EVE _ 7-2 42-V7 
4 2-2 
,- 2 EV) _ 2 wl V7 _ = v7 
2-2 2 2 2 


Using a calculator, we get approximations: 


=1 + V71 -l1-v7l 
a = 3.7 or 5 ~ —4,7, 


. Check. Since the length of a leg cannot be negative, —4.7 does not 


check. But 3.7 does check. If the smaller leg s is 3.7, the other leg is s + 1, 
or 4.7. Then 


(3.7)? + (4.7)? = 13.69 + 22.09 = 35.78. 


Using a calculator, we get V35.78 ~ 5.98 ~ 6, the length of the hypot- 
enuse. Note that our check is not exact because we are using an approxi- 
mation for V71. 


. State. One leg is about 3.7 m long, and the other is about 4.7 m long. 


Do Exercise 2. 


) EXAMPLE 3 Kayak Speed. The current ina stream moves at a speed of 
2 km/h. A kayak travels 24 km upstream and 24 km downstream in a total 
time of 5 hr. What is the speed of the kayak in still water? 


1. Familiarize. We first make a drawing. The distances are the same. We let 


Answer 
2. 3.8 yd, 5.8 yd 
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r = the speed of the kayak in still water. Then when the kayak is traveling 
upstream, its speed is r — 2. When it is traveling downstream, its speed is 
r + 2. We let t; represent the time it takes the kayak to go upstream and f2 
the time it takes to go downstream. We summarize in a table. 


Downstream, r+2 
Upstream, r-2 »t, hours, 24 km 
t, hours, 24 km a - 


24 
UPSTREAM ee cae 
24 
DOWNSTREAM [i a a 


TOTAL TIME 5 
/ 


2. Translate. Recall the basic formula for motion: d = rt. From it we can 
obtain an equation for time: t = d/r. Total time consists of the time to go 
upstream, ¢), plus the time to go downstream, f9. Using t = d/r and the 
rows of the table, we have 


24 ee 24 
r-—2 a” pe 


i= 


Since the total time is 5 hr, tf; + tf = 5, and we have 


24 4 240 We have translated to an equation 
r-2 r+2 ~~ with one variable. 


3. Solve. We solve the equation. We multiply on both sides by the LCM, 
which is (r — 2)(r + 2): 


(r— 2)(r + 2): (2, 4) = (r— 2)(r + 2)5 


F=tree: —_ 4G 94s: 


2 
ete: (r 4)5 


r+2 ~ 
24(r + 2) + 24(r — 2) = 5r?2 — 20 
24r + 48 + 24r — 48 = 5r? — 20 
—5r? + 48r + 20 = 0 
5r2 — 48r — 20 =0 ~=—— Multiplying by -1 
(5r+2)(r— 10) =0 Factoring 
5r+2=0 or r—10=0 
Using the principle of zero products 
5r=-2 or = 10 
r= 2 or r= 10. 


4. Check. Since speed cannot be negative, —2 cannot be a solution. But 
suppose the speed of the kayak in still water is 10 km/h. The speed 
upstream is then 10 — 2, or 8 km/h. The speed downstream is 10 + 2, or 
12 km/h. The time upstream, using t = d/r, is 24/8, or 3 hr. The time 
downstream is 24/12, or 2 hr. The total time is 5 hr. This checks. 


5. State. The speed of the kayak in still water is 10 km/h. ji 


Do Exercise 3. 


3. Speed ofaStream. The speed 
of a boat in still water is 12 km/h. 
The boat travels 45 km upstream 
and 45 km downstream in a total 
time of 8 hr. What is the speed of 
the stream? (Hint: Let s = the 
speed of the stream. Then 12 — s 
is the speed upstream and 12 + s 
is the speed downstream.) 


Answer 
3. 3km/h 
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Translating 
for Success 


6. Locker Numbers. The numbers 
on three adjoining lockers are 
consecutive integers whose sum 
is 894. Find the integers. 


1. Guy Wire. Howlong isa guy 
wire that reaches from the top 
of a 75-ft cell-phone tower to a 
point on the ground 21 ft from 
the pole? 


The goal of these matching questions is 
to practice step (2), Translate, of the five- 
step problem-solving process. Translate 
each word problem to an equation or a 
system of equations and select a correct 


. Coin Mixture. A collection of 
dimes and quarters is worth 
$16.95. There are 90 coins in all. 
How many of each coin are 
there? 


. Wire Cutting. A 486-in. wire is 
cut into three pieces. The second 
piece is 5 in. longer than the 
first. The third is one-half as 
long as the first. How long is 
each piece? 


4. Amount Invested. Money is 


invested at 6.2% simple interest. 
At the end of 1 year, there is 
$28,992.60 in the account. How 
much was originally invested? 


. Stroke Victims. In 2006, there 
were 163,538 deaths due to 
stroke. This was about 23.4% of 
the total number of people who 
had a stroke in 2001. How many 
people had a stroke in 2001? 


translation from A-O. 


A. 


. 184,757 = x - 865,000 


. 163,538 = 23.4% - x 


. 2x + 2(x — 1) = 49 


1 
x+ (x +5) + 5x = 486 


. 0.10x + 0.25y = 16.95, 


x+y=90 


. x + 25y = 16.95, 


x+y=90 
6.2x = 28,992.60 — x 


x? + (x -— 1)* = 49 


2 x2 + 21% = 752 


~ XxX + 6.2%xX = 28,992.60 


. 752 + 212 = x2 


~x+ (x +1) + (x + 2) = 894 


600 600 
+ 


x 


Answers on page A-36 


. Triangle Dimensions. The 


hypotenuse of a right triangle is 
7 ft. The length of one leg is 1 ft 
shorter than the other. Find the 
lengths of the legs. 


. Rectangle Dimensions. The 


perimeter of a rectangle is 49 ft. 
The length is 1 ft shorter than 
the width. Find the length and 
the width. 


. Car Travel. Maggie drove her 


car 600 mi to see her friend. The 
return trip was 2 hr faster at a 
speed that was 10 mph greater. 
Find the time for the return trip. 


. Mortality from Heart Attack. 


Of the 865,000 people who had 
a heart attack in 2006, 184,757 
died. What percent of those who 
had a heart attack died? 


For Extra Help 


15.5 | BSCS mymathLab 


very TB & 


PRACTICE WATCH DOWNLOAD 


(a) Solve. 


1. Red Raspberry Patch. The area ofa rectangular red 2. The length of a rectangular area rug is 3 ft greater than 
raspberry patch is 76 ft”. The length is 7 ft longer than the width. The area is 70 ft”. Find the length and the 
three times the width. Find the dimensions of the width. 
raspberry patch. 


3. Carpenter’s Square. A square is a carpenter’s tool in the 4. HDTV Dimensions. When we say that a television is 
shape of a right triangle. One side, or leg, of a square is 42 in., we mean that the diagonal is 42 in. For a 42-in. 
8 in. longer than the other. The length of the hypotenuse television, the width is 15 in. more than the height. Find 
is 8V/13 in. Find the lengths of the legs of the square. the dimensions of a 42-in. high-definition television. 


5. Pool Dimensions. The area of a rectangular swimming 6. Rectangle Dimensions. The length of a rectangular 
pool is 68 yd”. The length is 1 yd longer than three times lobby in a hotel is twice the width. The area is 50 m2. 
the width. Find the dimensions of the swimming pool. Find the length and the width of the lobby. 


Round to the nearest tenth. 
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7. Rectangle Dimensions. 


The width of a rectangle is 
4 cm less than the length. The area is 320 cm2. Find the 
length and the width. 


8. 


Rectangle Dimensions. The width ofa rectangle is 
3 cm less than the length. The area is 340 cm2. Find the 
length and the width. 


Find the approximate answers for Exercises 9-14. Round to the nearest tenth. 


9. Right-Triangle Dimensions. 


11. 


13. Rectangle Dimensions. 


15. 


The hypotenuse of a right 
triangle is 8 m long. One leg is 2 m longer than the other. 
Find the lengths of the legs. 


Rectangle Dimensions. The length ofa rectangle is 
2 in. greater than the width. The area is 20 in2. Find the 
length and the width. 


The length ofa rectangle is 
twice the width. The area is 20 cm”. Find the length and 
the width. 


Picture Frame. A picture frame measures 25 cm by 
20 cm. There is 266 cm? of picture showing. The frame is 
of uniform width. Find the width of the frame. 


Pe 25cm 
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10. 


12. 


14. 


16. 


Right-Triangle Dimensions. The hypotenuse ofa right 
triangle is 5 cm long. One leg is 2 cm longer than the 
other. Find the lengths of the legs. 


Rectangle Dimensions. The length ofa rectangle is 3 ft 
greater than the width. The area is 15 ft*. Find the length 
and the width. 


Rectangle Dimensions. The length ofa rectangle is 
twice the width. The area is 10 m’. Find the length and 
the width. 


Tablecloth. A rectangular tablecloth measures 96 in. by 
72 in. It is laid on a tabletop with an area of 5040 in”, and 
hangs over the edge by the same amount on all sides. By 
how many inches does the cloth hang over the edge? 


Copyright © 2012 Pearson Education, Inc. 


For Exercises 17-24, complete the table to help with the familiarization. 


17. Boat Speed. The current in a stream moves at a speed 18. Wind Speed. An airplane flies 1449 mi against the wind 
of 3 km/h. A boat travels 40 km upstream and 40 km and 1539 mi with the wind in a total time of 5 hr. The 
downstream in a total time of 14 hr. What is the speed of speed of the airplane in still air is 600 mph. What is the 
the boat in still water? speed of the wind? 


UPSTREAM WITH WIND 1539 


AGAINST WIND 


19. Speed ofa Stream. The speed of a boat in still water is 20. Boat Speed. The current in a stream moves at a speed 
8 km/h. The boat travels 60 km upstream and 60 km of 4 mph. A boat travels 5 mi upstream and 13 mi down- 
downstream in a total time of 16 hr. What is the speed of stream in a total time of 2 hr. What is the speed of the 
the stream? boat in still water? 


Eales 
r-4 


UPSTREAM UPSTREAM 


DOWNSTREAM DOWNSTREAM 13 
TOTAL TIME 


21. Wind Speed. An airplane flies 520 km against the wind 22. Speed ofa Stream. The speed ofa boat in still water is 
and 680 km with the wind in a total time of 4 hr. The 10 km/h. The boat travels 12 km upstream and 28 km 
speed of the airplane in still air is 300 km/h. What is the downstream in a total time of 4 hr. What is the speed of 
speed of the wind? the stream? 


BAe 


WITH WIND | 300 + r UPSTREAM 


DOWNSTREAM 


AGAINST WIND 520 | 
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23. Boat Speed. The current ina stream moves at a speed 
of 4 mph. A boat travels 4 mi upstream and 12 mi 
downstream in a total time of 2 hr. What is the speed of 
the boat in still water? 


UPSTREAM 


DOWNSTREAM 


TOTAL TIME 


25. Speed ofa Stream. The speed of a boat in still water is 
9 km/h. The boat travels 80 km upstream and 80 km 
downstream in a total time of 18 hr. What is the speed of 


24. Boat Speed. The current ina stream moves at a speed 


of 3 mph. A boat travels 45 mi upstream and 45 mi 


downstream in a total time of 8 hr. What is the speed of 


the boat in still water? 


Ena 


UPSTREAM 


DOWNSTREAM 


26. Speed ofa Stream. The speed of a boat in still water is 


10 km/h. The boat travels 48 km upstream and 48 km 


downstream in a total time of 10 hr. What is the speed of 


the stream? the stream? 
Skill Maintenance 
Add or subtract. [14.4a] 
27.5V2 + V18 28. 7/40 — 2/10 29. V4x3 — 7Vx 30. V24 — V54 
31. V2 + 3 32. V3 — VE 33. V24 + V54 — V48 34. Vax + V81x3 


Find the coordinates of the y-intercept and of the x-intercept. Do not graph. [9.2a] 


35. 8x =4-—y 


Synthesis 


36. Sy — 3x = —45 


37. Pizza. What should the diameter d of a pizza be so that 
it has the same area as two 12-in. pizzas? Which provides 
more servings: a 16-in. pizza or two 12-in. pizzas? 
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38. E Golden Rectangle. The golden rectangle is said to 
be extremely pleasing visually and was used often by 
ancient Greek and Roman architects. The length of a 


golden rectangle is approximately 1.6 times the width. 


Find the dimensions of a golden rectangle if its area is 
9000 m?. 
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In this section, we will graph equations of the form 
y=ax*+bxt+c, a#0. 


The polynomial on the right side of the equation is of second degree, or 
quadratic. Examples of the types of equations we are going to graph are 


y= x’, 


(a) oo Quadratic Equations of the Type 
= ax*+ bx +e 


y=xur+2x-3, y= 2x2 43. 


Graphs of quadratic equations of the type y = ax* + bx + c (where a # 0) 
are always cup-shaped. They have a line of symmetry like the dashed lines 
shown in the figures below. If we fold on this line, the two halves will match 
exactly. The curve goes on forever. 
The highest or lowest point on 
the curve is called the vertex. 

The second coordinate is either 
the smallest value of y or the 
largest value of y. The vertex is 
also thought of as a turning 

point. Graphs of quadratic Vertex 
equations are called parabolas. Bere ee see a 


av Line of symmetry 


> 
: Xx 


To graph a quadratic equation, we begin by choosing some numbers for 
x and computing the corresponding values of y. 


EXAMPLE 1 Graph: y = x”. 


We choose numbers for x and find the corresponding values for y. Then 
we plot the ordered pairs (x, y) resulting from the computations and connect 
them with a smooth curve. 


Forx = —3,y = x* = (-3)? =9. a 

For x = —2,y = x? = (-2)* =4 

For x = —l,y = x? = (-1)? = 1. = : a 

Pore = 8.y= 4° = (0)* = 0, =1') 1 | 41) 

Pore= 173° = (a) = 1, 0 | 0 . [ 
1 1 dd) 

ea , 
Forx = 2,y=x (2)* = 4. 9 4 (2, 4) 
hora = 3, y= 2° = 3)" = 9, 3 | 9 | (3,9) 
ss 


15.6 


SKILL TO REVIEW 
Objective 9.2a: Find the intercepts 
of a linear equation, and graph 
using intercepts. 

Graph using intercepts. 
l2x-y=4 

2. 4y + 20 = —5x 


Line of symmetry 


Answers 
Skill to Review: 
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FINAL STUDY TIP 


You are arriving at the end of your 
course in introductory algebra. If 
you have not begun to prepare for 
the final examination, be sure to 
read the comments in the Study 
Tips on pp. 1008, 1050, and 1112. 


In Example 1, the vertex is the point (0, 0). The second coordinate of the 
vertex, 0, is the smallest y-value. The y-axis (x = 0) is the line of symmetry. 
Parabolas whose equations are y = ax? always have the origin (0, 0) as the 
vertex and the y-axis as the line of symmetry. 

How do we graph a quadratic equation? There are many methods, some 
of which you will study in your next mathematics course. Our goal here is to 
give you a basic graphing technique that is easy to apply. A key to graphing a 
parabola is knowing the vertex. By graphing it and then choosing x-values 
on both sides of the vertex, we can compute more points and complete the 
graph. 


FINDING THE VERTEX 


For a parabola given by the quadratic equation y = ax* + bx + c: 


b 
1. The x-coordinate of the vertex is — a 


The line of symmetry is x = —b/(2a). 


2. The second coordinate of the vertex is found by substituting the 
x-coordinate into the equation and computing y. 


The proof that the vertex can be found in this way can be shown by com- 
pleting the square in a manner similar to the proof of the quadratic formula, 
but it will not be considered here. 


EXAMPLE 2 Graph: y = —2x? + 3. 
We first find the vertex. The x-coordinate of the vertex is 


b 0 


We substitute 0 for x into the equation to find the second coordinate of 
the vertex: 


y= —2x2 + 3 = -2(0)? + 3 = 3. 


The vertex is (0,3). The line of symmetry is the y-axis (x = 0). We choose 
some x-values on both sides of the vertex and graph the parabola. 


Fors = ly =—-2e* +3 = -2(1)* + 3=-24+3=1, 
Forx = —-l,y = —2x? + 3 = -2(-1)? +3 =-24+3=1. 
For x = 2,y = —2x2 + 3 = -2(2)? +3 = -8+3=—-5. 
For x = —2,y = —2x? + 3 = -2(-2)2 + 3 = -8+ 3 = —5. 


< This is the vertex. 
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There are two other tips you might use when graphing quadratic equa- 
tions. The first involves the coefficient of x2. The ain y = ax? + bx + ctells 
us whether the graph opens up or down. When ais positive, as in Example 1, 
the graph opens up; when a is negative, as in Example 2, the graph opens 


down. It is also helpful to plot the y-intercept. It occurs when x = 0. 
Graph. Label the ordered pair for 
the vertex. 


TIPS FOR GRAPHING QUADRATIC EQUATIONS Ly=2- 3 


1. Graphs of quadratic equations y = ax? + bx + care all parabolas. ee hae 
They are smooth cup-shaped symmetric curves, with no sharp annie), ee oe wi 
points or kinks in them. 

2. Find the vertex and the line of symmetry. 

3. The graph of y = ax? + bx + copens up if a > 0. It opens down 
ifa < 0. 

4. Find the y-intercept. It occurs when x = 0, and it is easy to 
compute. 


EXAMPLE 3 Graph: y = x? + 2x — 3. 
We first find the vertex. The x-coordinate of the vertex is 


b 2 1 
2a 2(1) 
We substitute —1 for x into the equation to find the second coordinate of Bays x= ant 
the vertex: 


y=x2*+2x-3 
(-1)* + 2(-1) - 3 
12> 3 

= -4, 


The vertex is (—1, —4). The line of symmetry is x = —1. 

We choose some x-values on both sides of x 1—say, —2, —3, —4 and 
0, 1, 2—and graph the parabola. Since the coefficient of x is 1, which is posi- 
tive, we know that the graph opens up. Be sure to find y when x = 0. This 
gives the y-intercept. 


Answers 
1; 


—l -4 |< Vertex 
0 -—3 |< y-intercept 
-2 -3 
1 0 2) 
= 0 
2 5 
-4 5 
—— eS 


|_ Do Exercises 1-3. 
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Find the x-intercepts. 
4.y=x2-3 


5.y=x2+ 6x+ 8 
6. y = —2x* — 4x +1 


TW = 1 +b @ 


Answers 
4. (—V3,0);(V3,0) 5. (—4, 0); (—2, 0) 


6. (= = VE 0): (= ; V6 0) 7. None 


2 


‘b) Finding the x-Intercepts 
~ Of a Quadratic Equation 


The x-intercepts of y = ax* + bx +c 
occur at those values of x for which 

y = 0. Thus the first coordinates of 
the x-intercepts are solutions of the 
equation 


0=ax2+bxte. 


We have been studying how to find such 
numbers in Sections 15.1-15.3. 


Vertex 


Line of symmetry 


EXAMPLE 4 Find the x-intercepts of y = x* — 4x + 1. 
We solve the equation 


x? -—4x+1=0. 


We use the quadratic formula: 


a=1, b=-4, c=1 y 
re —b + Vb2 — 4ac 
2a y=x?-4x4+1 
— —(-4) 4 V(-4)? — 4(1)(1) 
2(1) “ 
4+V16-—4 ene eee \ x 
x= 7 
2 2-V3.0 | 
4+ V12 4+VvV4-3 a (2 +V3, 0) 
7 2 ~ 2 —5 
Pe 4+2V3 2-:2+2V3 
Py = 2-1 
2 24 
ae Mao V3. 


= 


The x-intercepts are (2 — V3,0) and (2 + V3,0). 


—b+ b? — Aac 
2a 
called the discriminant. The discriminant tells how many real-number solu- 
tions the equation 0 = ax” + bx + chas, so it also tells how many x-intercepts 
there are. 


In the quadratic formula x = , the radicand b? — 4acis 


y VA YA 
6 6 6 
4 4 4 
2 2 
—6-4-2 246 =x ~6-4-2 | 2 4 6 x ~6-4-2 | 2 4 6 x 
4 —4 —4 
y=x?-2 y=x?+4x+4 y=x?-4x+6 
b? — 4ac=8>0 b? — 4ac=0 b? —4ae=—8 <0 
Two real solutions One real solution No real solutions 
Two x-intercepts One x-intercept No x-intercepts 


Do Exercises 4-7. 
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Visualizing 
for Success 


Match each equation or inequality with 
its graph. 


l. y= —4 + 4x — x2 
2y=5-x2 

. 5x + 2y = —10 

- 5x + 2y = 10 
~y< 5x 
~y=x*-3x-2 
- 2x — 5y = 10 

- ox — 2y = 10 

. 2x + Sy = 10 


~y=x24+3x-2 


Answers on page A-36 


For Extra Help 


MyMathLab 


Mathiy, = (% 


PRACTICE WATCH DOWNLOAD READ REVIEW 


15.6 


(a) Graph the quadratic equation. In Exercises 1-8, label the ordered pairs for the vertex and the y-intercept. 


ly=x*4+1 2. y = 2x? 
YA ZN 
5 5 
—2 4 2 4 
3 3 
= 2 v1 2 
0 1 0 1 
1 aa GE ET 1 ST 
-5-4-3-2-1,| 12345 % -5-4-3-2-1,| 12345 % 
2 2 
+2 +2 
3 -3 3 +3 
as 4 as a -4 
+5 +5 
3.y = 1: x2 4.y=x7-1 
VA VA 
5 5 
4 4 
3 3 
2 2 
1 1 
—5-4-3-2-1, 12345 % -5-4-3-2-1,, 12345 % 
+2 +2 
+3 -3 
ae 4 es 4 
-5 -5 
= —x2 = x2 = 
5. x” + 2x 6.y=xr+x-2 
YA J, 
5 5 
4 4 
3 3 
2 2 
1 1 
-5-4-3-2-1,| 123.45. Xx ~5-4-3-2-1,/ 12345 x 
+2 -2 
+3 -3 
as 4 ae 4 
-5 -5 


YA YA 
5 5 
4 4 
3 3 
2 2 
1 1 
~5747372-1y 12345 a 7574737271] 12345 < 
-2 2 
-3 —3 
\ y -4 -4 
3 0) 
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ee = 142 = aty2 a Sy? 
X29 y=xX 2x+1 10. y = —5Xx ll. y= —-x*+ 2x4+3 12. y= —-x 2x +3 
VA y VA y 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
a 
-5-4-3-2-1,| 123.45 9% -5-4-3-2-1,[ 12345 9x -5-4-3-2-1,| 123.45 | % -5-4-3-2-1,[ 12345 9x 
2 2 +2 2 
3 3 3 3 
-4 -4 -4 4 
5 5 +5 5 
13. y = —2x2 — 4x +1 14. y = 2x2 + 4x-1 15.y=5 — x? 16. y= 4 - x? 
VA y YA VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
= = a = 
-5-4-3-2-1,[ 12345 > x -5-4-3-2-1,[ 12345 x -5-4-3-2-1,| 1 23.45 > % -5-4-3-2-1,[ 12345 x 
#2 2 Lo 2 
3 -3 3 3 
“4 “4 “4 4 
5 5 5 5 
17, y = 5x? 18. y = —0.1x? 19. y= —-x*+x-1 20. y = x? + 2x 
VA y y y 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> = 
-5-4-3-2-1,| 1.2.3.4 5 % -5-4-3-2-1,[ 12345 > x -§-4-3-2-1,| 123.45. % ~5-4-3-2-1,| 123.45. % 
2 =2 2 +2 
-3 =3 3 23 
4 -4 -4 4 
5 +5 “5 “5 
21. y = —2x? 22. y= —-x?-1 23. y=x*?-x-6 24.y=6+x- x? 
YA y ZN hd 
5 5 3 7. 
4 4 2 6 
3 3 i 5 
2 2 > 4 
1 1 -5-4-3-2-1,[ 123.45 °% " 
5-4-9-9-1,| 125451 % 5-4-3-2-1,| 12345 7 
a es dae eat # ae a * 3 1 
+2 +2 +4 > 
Ly LA -5-4-3-2-1,[ 12345 x 
v4 4 +6 +2 
“5 “5 +7 +3 
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{ b) Find the x-intercepts. 


25.y=x*-2 26.y=x*-7 27. y =x" 4+ 5x 28. y = x* — 4x 
29.y=8-x- x? 30.y=8+x- x? 3l.y =x? -6x+9 32. y= x2 + 10x + 25 
33. y= —x2 -— 4x41 34.y=x2+4x-1 35.y=x24+9 36. y=x2+1 


Skill Maintenance 


37. Add: V8 + V50 + V98 + V128. [14.4a] 38. Multiply and simplify: V5y4V125y. — [14.2c] 
39. Find an equation of variation in which y varies inversely 40. Evaluate 3x4 + 3x — 7whenx = —2. [10.3a] 


asxandy = 12.4whenx = 2.4. [12.9c] 


Simplify. [7.4a] 


1 7 4 1 
aa, ( *) a 42. —0.63 — 3.4 + 11.08 — (—42.5) 
Synthesis 
43. Height of a Projectile. The height H, in feet, ofa Ay 


projectile with an initial velocity of 96 ft/sec is given by 
the equation 


H = —16t? + 96t, 
where fis the time, in seconds. Use the graph of this 


equation, shown here, or any equation-solving 
technique to answer the following questions. 


a) How many seconds after launch is the projectile 80 
128 ft above ground? 
b) When does the projectile reach its maximum height? 60 


c) How many seconds after launch does the projectile 
return to the ground? 


> 
Lo 2.3. 4.55 6 7 t 


For each equation in Exercises 44—47, evaluate the discriminant b* — 4ac. Then use the answer to state how many real-number 
solutions exist for the equation. 


44,y = x* + 8x + 16 45.y=x*4+2x-3 


46. y = —2x2 + 4x - 3 47. y = —0.02x* + 4.7x — 2300 
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(a) Identifying Functions 


We now develop one of the most important concepts in mathematics: 
functions. We have actually been studying functions all through this text; we 
just haven't identified them as such. Ordered pairs form a correspondence 
between first and second coordinates. A function is a special correspondence 
from one set to another. For example: 


To each student in a college, there corresponds his or her student ID 
number. 

To each item in a store, there corresponds its price. 

To each real number, there corresponds the cube of that number. 


In each case, the first set is called the domain and the second set is called 
the range. Given a member of the domain, there is just one member of the 
range to which it corresponds. This kind of correspondence is called a 
function. 


Domain Range 
Correspondence 


EXAMPLE 1 Determine whether the correspondence is a function. 


Domain Range Domain Range 
| —————_> $107.40 


2 ——_—_—_—_> $ 34.10 


fo 3S 29.60 a S ain 
4 —_________+ $ 19.60 6 
Domain Range Domain Range 
Mets Mets 
New York ——_> -____& New York 
he ~~ Yankees _ Yankees ——— 7 


St. Louis > Cardinals 
San Diego ————_> Padres 


Cardinals ————_+ St. Louis 
Padres ———-+ San Diego 


The correspondence fis a function because each member of the domain 


is matched to only one member of the range. 


The correspondence g is also a function because each member of the 
domain is matched to only one member of the range. 

The correspondence h is not a function because one member of the 
domain, New York, is matched to more than one member of the range. 

The correspondence p is a function because each member of the domain 
is paired with only one member of the range. Note that a function can pair a 
number of the range with more than one member of the domain. 


SKILL TO REVIEW 
Objective 10.3a: Evaluate a polyno- 
mial for a given value of the variable. 


Evaluate each polynomial for the 
indicated value. 


1. 10 -— a when x = 16 


2. 3x —5 + x*,whenx = —3 


Answers 


Skill to Review: 
1.8 25-5 
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em pees cane FUNCTION, DOMAIN, AND RANGE 


correspondence is a function. ae : . 
A function is a correspondence between a first set, called the domain, 


and a second set, called the range, such that each member of the 
domain corresponds to exactly one member of the range. 


1. Domain Range 


Cheetah ———-> 70 mph 
Human ———> 28 mph 
Lion —> 50 mph 


Chicken ———> 9 mph Do Exercises 1-4. 


2. Domain Range 
rr _ EXAMPLE 2 Determine whether each correspondence is a function. 
2 : Domain Correspondence Range 
D al a) A family Each person's weight A set of positive 
5 numbers 
b) The natural Each number’s square A set of natural 
3. Domain Range numbers numbers 
me Sa 4 c) The set of all Each state’s members A set of U.S. 
; states of the U.S. Senate Senators 
—— , 


a) The correspondence is a function because each person has only one 
weight. 


4. Domain Range b) The correspondence is a function because each natural number has only 


ae one square. 
4 ae y 


c) The correspondence is not a function because each state has two U.S. 


9 ee =P Senators. 
3 
Do Exercises 5 and 6. 


When a correspondence between two sets is not a function, it may still be 
an example of a relation. 
Determine whether each of the 


following is a function. 
: RELATION 
5. Domain 


A set of numbers A relation is a correspondence between a first set, called the domain, 
Correspondence and a second set, called the range, such that each member of the 
10 less than the square domain corresponds to at least one member of the range. 
of each number 
Range 
ec Centers Thus, although the correspondences of Examples 1 and 2 are not all 
BUG GT functions, they are all relations. A function is a special type of relation—one 
Aset of polygons in which each member of the domain is paired with exactly one member of 
Correspondence the range. 
The perimeter of 
each polygon b) Finding Function Values 
Range 
A set of numbers Most functions considered in mathematics are described by equations. A lin- 
ear equation like y = 2x + 3, studied in Chapter 9, is called a linear function. 
A quadratic equation like y = 4 — x?, studied in Chapter 15, is called a 
quadratic function. 
Answers 
1. Yes 2, No 3. Yes 4. No 5, Yes 
6. Yes 
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Recall that when graphing y = 2x + 3, we chose x-values and then found 
corresponding y-values. For example, when x = 4, 


y=2x+3=2-44+3=11. 


When thinking of functions, we call the number 4 an input and the number 
11 an output. 

It helps to think of a function as a machine; that is, think of putting a 
member of the domain (an input) into the machine. The machine knows the 
correspondence and produces a member of the range (the output). 


2:4 > 8E> 83 
——,, 


"y iy 


The function y = 2x + 3 can be named fand described by the equation 
f(x) = 2x + 3. We call the input x and the output f(x). This is read “fof x,” or 
“fat x,” or “the value of fat x.” 


Caution! 


The notation f(x) does not mean “ftimes x” and should not be read that way. 


The equation f(x) = 2x + 3 describes the function that takes an input x, 
multiplies it by 2, and then adds 3. 


Input 


fe) = 28 + 3 


Multiply by2 Add3 


To find the output f(4), we take the input 4, double it, and add 3 to get 11. 
That is, we substitute 4 into the formula for f(x): 


f(4)=2-44+3=11 


Outputs of functions are also called function values. For f(x) = 2x + 3, 


we know that f(4) = 11. We can say that “the function value at 4 is 11.” Bnd ne Tencuonivalues: 
Uo iil) = Bee — 8} 
EXAMPLE 3 Find the indicated function value. a) f(-6) b) f(0) 
a) f(5), for f(x) = 3x + 2 b) (3), forg(z) = 5<2 - 4 5 ne 2) Dr) 
e) f(-1. 5 
c) A(—2), for A(r) = 3r2 + 2r d) f(—5), for f(x) =x? + 3x-4 : 
8. g(x) = x2 — 4x + 9 
=3-54+2= +2= 
a) f(5) =3 = 2=15+2=17 Aye b) g(0) 
b) 9(3) = 5(3) 4=5(9) -4=45-4=41 ©) g(5) d) g(10) 


c) A(—2) = 3(-2)* + 2(-2) = 3(4) -4 = 12 -4=8 
d) f(—5) = (-5)* + 3(-5) -4 = 25-15-4=6 


: Answers 
Do Exercises 7 and 8. 
7. (a) —33; (b) —3; (c) 2; (d) 97; (e) —9;  —2 


8. (a) 21; (b) 9; (c) 14; (d) 69 
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( Calculator Corner 


Finding Function Values We can find function values on a graphing calculator. One method is to substitute inputs 
directly into the formula. Consider the function in Example 3(d), f(x) = x2 + 3x — 4. To find f(—5), we press yy) S Gp Cp 


DOGOQO BO GSB we find that (-5) = 6. 


(-5)2 + 3(-5)-4 


After we have entered the function as y, = x* + 3x — 4 on the equation-editor screen, there are several other methods that we 
can use to find function values. We can use a table set in ASK mode and enter x = —5. We see that the function value, yj, is 6. We can also 
use the vALUE feature to evaluate the function. To do this, we first graph the function in a window that includes x = —5 and then press 


QD @ to access the VALUE feature. Next, we supply the desired x-value by pressing @) >. Finally, we press GGugD to see 
X = —5, y = 6at the bottom of the screen. Again we see that the function value is 6. 
There are other ways to find function values, but we will not discuss them here. 


Exercises: Find the function values. 
1. f(—3.4), for f(x) = 2x — 6 2. f(4), for f(x) = —2.3x 
3. f(-1), forf(x) = x? - 3 4, f(3), for f(x) = 2x2 -x+5 


c ) Graphs of Functions 


To graph a function, we find ordered pairs (x, y) or (x, f(x)), plot them, and 
connect the points. Note that y and f(x) are used interchangeably when we 
are working with functions and their graphs. 


EXAMPLE 4 Graph: f(x) =x + 2. 


A list of some function values is shown in this table. We plot the points 
and connect them. The graph is a straight line. 


VA 
f(x) 
—4 —2 
-3 -l 
—2 0 
—l 1 f@M=x+2 
0 2 
1 3 ~5-4-3/2-1 | 123 4 5 x 
2 4 
3 5 
4 6 
ee | 
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) EXAMPLE 5 Graph: g(x) = 4 — x?. 


Recall from Section 15.6 that the graph is a parabola. We calculate some 


function values and draw the curve. 

g(0) =4- 07 =4-0=4, 
g(-1) =4 - (-1? =4-1=3, 
g(2) =4- (2)? =4-4=0, 
g(-3) = 4 - (-3 =4-9=-5 


- 
= 
a 


=3 =o 
=2 0 
=1 3 
0 4 
1 3 
2 0 
3 =5 
_———— ee J 


| EXAMPLE 6 Graph: h(x) = |xl. 


A list of some function values is shown in the following table. We plot the 
points and connect them. The graph is a V-shaped “curve” that rises on either 


side of the vertical axis. 


|x| 


YA 
ie 
5 
~3 3 4S 
2 2 3 
= 1 2 
0 0 1 
1 1 51. 
2 2 7 
-2 
3 3 
es A 


‘d) The Vertical-Line Test 


Consider the function f described by 
f(x) = x? — 5. Its graph is shown at right. 
It is also the graph of the equation 

pox = 5, 

To find a function value, like f(3), 
from a graph, we locate the input on the 
horizontal axis, move vertically to the 
graph of the function, and then move hor- 
izontally to find the output on the vertical 
axis, where members of the range can be 
found. As shown, f(3) = 4. 


| ers ee ee 


Do Exercises 9-11. 


f@ =x? -5 


Loe 
Type edt Bal X 


11. 


t() =3-|x| 
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1154 


CHAPTER 15 


Recall that when one member of the domain is paired with two or more 
different members of the range, the correspondence is not a function. Thus, 
when a graph contains two or more different points with the same first coor- 
dinate, the graph cannot represent a function. Points sharing a common first 
coordinate are vertically above or below each other. (See the following graph.) 


yor f(x) A 


Since 3 is paired with 

more than one member of 
> the range, the graph does 

not represent a function. 


This observation leads to the vertical-line test. 


THE VERTICAL-LINE TEST 


A graph represents a function if it is impossible to draw a vertical line 
that intersects the graph more than once. 


EXAMPLE 7 Determine whether each of the following is the graph of a 
function. 


a) y b) 


B 


c) J. d) 


B 


y 
are x 
y 
a) The graph is not that of a function because a verti- y 
cal line crosses the graph at more than one point. 


b) The graph is that of a function because no vertical line can cross the graph at 
more than one point. This can be confirmed with a ruler or a straightedge. 


c) The graph is that of a function. 


Quadratic Equations 


d) The graph is not that of a function. There is a vertical y 
line that crosses the graph more than once. 


Do Exercises 12-15. 


e) Applications of Functions 
and Their Graphs 
Functions are often described by graphs, whether or not an equation is given. 


To use a graph in an application, we note that each point on the graph repre- 
sents a pair of values. 


EXAMPLE 8 Movie Revenue. The following graph approximates the 


weekly revenue, in millions of dollars, from a movie. The revenue is a function 
of the week, and no equation is given for the function. 


100 


Movie revenue (in millions) 
a 
o 


> 
1234567 8 


Week 


Use the graph to answer the following. 


a) What was the movie revenue for week 1? 
b) What was the movie revenue for week 52 


a) To estimate the revenue for week 1, we locate 1 on the horizontal axis and 
move directly up until we reach the graph. Then we move across to the ver- 
tical axis. We estimate that value to be about $105 million. 


aN » 
$120 $120 
$105 799 100 
80 80 
60 60 
40 40 
20 20 
Z| 
$19.5 


123 456 7 8 Le BAL SE Bs 38. 

b) To estimate the revenue for week 5, we locate 5 on the horizontal axis and 
move directly up until we reach the graph. Then we move across to the ver- 
tical axis. We estimate that value to be about $19.5 million. 


Do Exercises 16 and 17. 


Determine whether each of the fol- 
lowing is the graph of a function. 


12. 
x 

13. VA 
x 


14, YA 


15. YA 


Refer to the graph in Example 8. 


16. What was the movie revenue 
for week 22 


17. What was the movie revenue 
for week 62 


Answers 


12. Yes 13. No 14. No 15. Yes 
16. About $43 million 17. About $6 million 
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(a) Determine whether each correspondence is a function. 


1. Domain Range 2. Domain Range 
2 9 5 = 3 
5 = 8 =3 oS 7 
—7 
5. Domain Range 
Austin 
Texas <S Houston 
Dallas 
Cleveland 
Ohio <> Toledo 
Cincinnati 
7. Domain Range 
2008 AVERAGE TICKET PRICE TO 
CITY MAJOR LEAGUE BASEBALL GAME 


Boston —————————_> $48.80 
New York (AL) ——————>__ 34.05 
Houston ————- + _._ 28.73 
Seattle S 2529 
Arizona ————- + 15.96 


For Extra Help 


MyMathLab 


PRACTICE 


3. Domain Range 
=5 =: 1 
5 a 
8 
6. Domain Range 
Austin 


Houston —-+ Texas 
Dallas 

Cleveland 

Toledo —+ Ohio 
Cincinnati 7 


8. Domain 


CEREAL 


Cinnamon Life 
Life (Regular) 


WATCH 


DOWNLOAD READ REVIEW 


Range 


CALORIES 
3 


(j-cup serving) 


160 


Lucky Charms ee 120 
Kellogg’s Complete 


Wheaties 


+110 


Sources: boston.com; Team Marketing Report 


Sources: Quaker Oats; General Mills; Kellogg's 


Determine whether each of the following is a function. Identify any relations that are not functions. 


Domain Correspondence Range 
9. A math class Each person's seat number A set of numbers 
10. A set of numbers 4 more than the square of each number A set of numbers 
11. Aset of shapes Find the area of each shape. A set of numbers 
12. A family Each person’s eye color A set of colors 
13. The people in a town Each person's aunt A set of females 


14. A set of avenues An intersecting road A set of cross streets 
(b) Find the function values. 
15. f(x) =x +5 16. g(t) =t-6 17. h(p) = 3p 
a) f(4) b) f(7) a) g(0) b) (6) a) h(—7) b) h(5) 
c) f(-3) d) f(0) c) g(13) d) g(—1) c) h(14) d) h(0) 
e) f(2.4) f) (3) e) g(—1.08) f) g(z) e) h(3) f) h(—54.2) 
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21. 


24, 


27. 


29. 


f(x) = —-4x 19. g(s) = 35 +4 20. h(x) = 19, aconstant function 
a) f(6) b) f(—2) a) g(1) b) g(-7) a) h(4) b) h(-6) 
c) f(20) d) f(11.8) c) g(6.7) d) g(0) c) h(12.5) d) h(0) 

e) f(0) ya) e) g(—10) f) (3) e) h(5) f) h(1234) 
f(®) = 2? = 3x 22. f(x) = 3x2 - 2x +1 23. f(x) = |x| +1 

a) f(0) b) f(-1) a) f(0) b) f(1) a) f(0) b) f(—2) 
c) f(2) d) f(10) c) f(-1) d) f(10) c) f(2) d) f(—3) 
e) f(—5) f) f(—10) e) f(2) f) f(-3) e) f(—10) f) f(22) 
g(t) = Vi 25. f(x) = x3 26. f(x) = x4 -3 

a) g(4) b) 8(25) a) f(0) 1) a) f(1) b) f(—1) 
c) g(16) d) g(100) c) f(2) d) f(10) c) f(0) d) f(2) 

e) g(50) f) 8(84) e) f(-5) f(-10) e) f(—2) f) f(10) 
Estimating Heights. An anthropologist can estimate 28. Refer to Exercise 27. When a humerus is from a male, 


the height of a male or a female, given the lengths of 
certain bones. The humerus is the bone from the elbow 
to the shoulder. The height, in centimeters, of a female 
with a humerus of x centimeters is given by the function 


F(x) = 2.75x + 71.48. 


If a humerus is known to be from a female, how tall was 
she if the bone is (a) 32 cm long? (b) 30 cm long? 


Pressure at Sea Depth. The function P(d) = 1 + (d/33) 
gives the pressure, in atmospheres (atm), at a depth of 

d feet in the sea. Note that P(0) = 1 atm, P(33) = 2 atm, 
and so on. Find the pressure at 20 ft, 30 ft, and 100 ft. 


the function 
M(x) = 2.89x + 70.64 


can be used to find the male’s height, in centimeters. If a 


humerus is known to be from a male, how tall was he if 
the bone is (a) 30 cm long? (b) 35 cm long? 


30. Temperature as a Function of Depth. The function 
T(d) = 10d + 20 gives the temperature, in degrees 
Celsius, inside the earth as a function of the depth d, 
in kilometers. Find the temperature at 5 km, 20 km, 
and 1000 km. 
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15.7 Functions 


31. Melting Snow. The function W(d) = 0.112d 
approximates the amount, in centimeters, of water 
that results from d centimeters of snow melting. Find 
the amount of water that results from snow melting 
from depths of 16 cm, 25 cm, and 100 cm. 


32. Temperature Conversions. The function 


5 


C(F) = 5(F — 32) determines the Celsius temperature 
that corresponds to F degrees Fahrenheit. Find the Celsius 
temperature that corresponds to 62°F, 77°F, and 23°F. 


-C— Graph each function. 
33. f(x) = 3x -1 34. g(x) = 2x +5 35. g(x) = —2x + 3 36. f(x) = —3x +2 
J. YA y a4 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
-5-4-3-2-1,[ 12345 % -5-4-3-2-1,[ 1.23.45 9% -5-4-3-2-1,| 123.45 % -5-4-3-2-1,[ 12345 % 
2 +2 -2 -2 
43 +3 -3 -3 
-4 -4 -4 -4 
5 a) -5 5 
37. f(x) =3x+1 38. f(x) = —2x- 2 39. f(x) = 2 - | 40. f(x) = |x| — 4 
iy VA Jy y 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
~5-4-3-2-1) 12345 x ~5-4-3-2-1) 12345 x 5747372714 12345 Bs 574737271, } 2-32-45 
2 —) ae a 
3 +3 —3 -3 
“4 “4 -4 -4 
5 5 -5 5 
Al. f(x) = x? 42. f(x) =x? -1 43. f(x) =x? -—x-2 44, f(x) = x2 + 6x +5 
y y YA y 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > > 
-5-4-3-2-1,[ 123.45 x -5-4-3-2-1,[ 12345 > % -5-4-3-2-1,[ 12345 |x -5-4-3-2-1,[ 12345 % 
-2 -2 2 2 
+3 -3 -3 3 
-4 “4 -4 “4 
“5 -5 -5 5 
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4 d Determine whether each of the following is the graph of a function. 


49. y 


46. y 

x x 
50. y 

x 


( e ) Cholesterol Level and Risk of a Heart Attack. The 
' graph below shows the annual heart attack rate per 
10,000 men as a function of blood cholesterol level. 


/ 


100 150 200 250 300 


to 
S 
o 


= 
a 
o 


= 
S 
o 


a 
o 


° 
<@ 


Annual heart attack rate per 10,000 men 


Blood cholesterol (in milligrams per deciliter) 


SOURCE: Copyright 1989, CSPI. From 
Nutrition Action Healthletter 

(1875 Connecticut Avenue, N.W., Suite 300, 
Washington, DC 20009-5728) 


Skill Maintenance 


Determine whether each pair of equations represents parallel 


lines. [9.6a] 

55. y = 3x — 7, 56. y = 3, 
3x+4y=7 y=-3 

Synthesis 

Graph. 

59. g(x) = x3 60. f(x) =2+ Vx 


Sl. 52. y 


53. Approximate the annual heart attack rate per 
10,000 men for those whose blood cholesterol level 
is 225 mg/dl. 


54. Approximate the annual heart attack rate per 
10,000 men for those whose blood cholesterol level 
is 275 mg/dl. 


Solve each system using the substitution method. [13.2b] 


57. 2x —y=6, 58. x — 3y = 2, 
4x -—2y=5 3x — 9y = 6 


61. f(x) = |x| +x 
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Summary and Review 


Key Terms, Properties, and Formulas 


quadratic equation, p. 1103 vertex, p. 1141 range, p. 1149 

standard form, p. 1103 parabola, p. 1141 relation, p. 1150 

completing the square, p. 1112 discriminant, p. 1144 input, p. 1151 

quadratic formula, p. 1119 function, p. 1149 output, p. 1151 

line of symmetry, p. 1141 domain, p. 1149 function value, p. 1151 
Standard Form: ax* + bx +c=0,a>0 —b + Vb2 — 4ac 


Quadratic Formula: x = 


Principle of Square Roots: The equation x? = d, where d > 0, 2a 


has two solutions, Vd and — Vd. Decnminane be = dae 
The solution of x* = 0 is 0. 


b 
The x-coordinate of the vertex of a parabola: — aa 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. A graph represents a function if it is possible to draw a vertical line that intersects the 
graph more than once. [15.7d] 


2. All graphs of quadratic equations, y = ax* + bx + c, haveay-intercept. [15.6a] 


3. If (p,q) is the vertex of the graph of y = ax? + bx + c,a < 0, theng is the largest value of y. 


4. Ifa quadratic equation ax” + bx + c = 0 has no real-number solutions, then the graph of 
y = ax*® + bx + cdoes not have an x-intercept. [15.6b] 


Important Concepts 


Objective 15.1¢ Solve quadratic equations of the type ax* + bx + c = 0, where b # Oandc ¢ O, by factoring. 


1 2 3 Practice Exercise 
Example Solve: — + => 
e- FPS 2 3 i 5 
: sae 1. Solve: +—=-, 
We multiply by the LCM, which is 2x(x + 3). Ke! 4 
1 2 3 
2x(x 3): (2425) = 32+) 
2 
2x(x 4 a 2x(x 4 a) ae 3x(x + 3) 


2(x + 3) + 2x-2 = 3x? + 9x 
2x + 6 + 4x = 3x2 + 9x 
6x + 6 = 3x2 + 9x 

0 = 3x2 + 3x -6 

0 = 3(x? + x — 2) 

0 = 3(x + 2)(x — 1) 

x+2=0 or x-1=0 
x=-2 or x=1 


Both numbers check. The solutions are —2 and 1. 
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a 


Objective 15.2a Solve quadratic equations of the type ax? = p. 


Example Solve: 5x? — 2 = 12. Practice Exercise 
5x*-2=12 2. Solve: 7x* — 3 = 8. 
axe = 14 Adding 2 
14 
{<= = Dividing by 5 
_ 14 _ 14 Using the principle 
eee a OF eS A of square roots 
14 5 14 5 Rationalizing the 
xX=,/ >: > or x=-,/—-= : 
5 5 5 5 denominator 
V70 V70 
x = — or x = —-—— 
5 5 
V70 
The solutions are nd — 3° 


Objective 15.2c Solve quadratic equations by completing the square. 


Example Solve x? — 10x + 8 = 0 bycompleting the Practice Exercise 
square. 


x2 —10x+8=0 
x? -—10x=-8 Subtracting 8 
We take half of —10, a = —5, and square it to get 


3. Solve x* — 4x + 1 = 0 bycompleting the square. 


(—5)* = 25. 
x? — 10x + 25 = -8 + 25 Adding 25 
(x -5)*=17 
x-5=VI17 or x-5=-VI17 Using the 


principle of 
square roots 


x=5+V17 or x=5-V17 
The solutions are 5 + V17. 


Objective 15.3a Solve quadratic equations using the quadratic formula. 


Example Solve 6x? = 4x + 5 using the quadratic formula. Practice Exercise 
6x? — 4x -5 =0 Standard form 4. Solve: 4y? = 6y + 3. 
a=6, b=-4, c=-5 
x= ae a = Quadratic formula 
(-4) + V(-4)? — 4-6 + (-5) — 
x= a Substituting 
oe 4+ V16 + 120 _ 4 V136 
12 12 
eo EVES _ 4 + 234 
12 12 
gos ee V34) _ 2+ V34 
2°6 6 
The solutions are = 


x 


Summary and Review: Chapter 15 1161 


r 


Objective 15.6a Graph quadratic equations. 


Example Graph: y = 2x2 + 4x — 1. Practice Exercise 
We first find the vertex. The x-coordinate of the vertex is 5. Graph: y = x? — 4x + 2. 
b 4 
p= So SL 
2a Qe 


We substitute —1 for x into the equation to find the second 
coordinate of the vertex: 


y = 2(-1)? + 4(-1) -1=-3. 


The vertex is (—1, —3). The line of symmetry is x = —1. 
We choose x-values on both sides of x = —1 and graph 
the parabola. 


< Vertex 


Objective 15.7a Determine whether a correspondence is a function. 


Example Determine whether each correspondence is a Practice Exercise 
function. 6. Determine whether the correspondence is a function. 
a) Domain Range b) Domain Range Powiain Range 
fs hk 33 9 CS 
8 2 fs "———s b 
woe 


a) The correspondence fis not a function because one 
member of the domain, 15, is matched to more than 
one member of the range. 


b) The correspondence h is a function because each 
member of the domain is matched to only one member 
of the range. 


Objective 15.7b Given a function described by an equation, find function values 
(outputs) for specified values (inputs). 


Example Find the indicated function value. Practice Exercise 


a) f(—2), for f(x) = — ; x+7 7. Find the indicated function value. 


1 
bp) bre) ese 2 a) h(5), for h(x) = at +x-1 


b) f(0), for f(x) = -3x — 4 
a) f(x) = - 3x +7 


b) g(x) = 5 — x? 
g(3) =5-3%=5-9=-4 
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Review Exercises 


Solve. Find the x-intercepts. [15.6b] 
1. 8x? = 24 [15.2a] 2. 40 = 5y? [15.2a] 24, y = 2 — x? 25. y= x? -— 4x - 2 


3. 5x*- 8x+3=0 [15.1c] 4. 3y*?+5y=2 [15.1c] 
Solve. 


26. Right-Triangle Dimensions. The hypotenuse ofa 


= 2 
arate: ee te) “eee right triangle is 5 cm long. One leg is 3 cm longer than 
the other. Find the lengths of the legs. Round to the 
7. 5t2 —7t=0 [15.1b] nearest tenth. [15.5a] 


Solve. [15.3a] 
8. x2 — 2x - 10 =0 9. 9x2 — 6x -9 =0 


10. x? + 6x = 9 1l. 1 + 4x2 = 8x 


27. Car-Loading Ramp. The length of a loading ramp on 
12.6 + 3y = y? 13. 3m = 4 + 5m? a car hauler is 25 ft. This ramp and its height form the 
hypotenuse and one leg of a right triangle. The height 
2 of the ramp is 5 ft less than the length of the other leg. 
ae Se Find the height of the loading ramp. [15.5a] 


Solve. [15.1c] 
iy. 15 
“x x+2 


=2 16.x+—-—=2 


oe le 


Solve by completing the square. Show your work. [15.2c] 
17, x2 - 4x+2=0 18. 34° = 27 =5 = 0 


Approximate the solutions to the nearest tenth. [15.3b] 28. Falling Object. 


The Royal Gorge Bridge above 

19. x? — 5x +2=0 20. 4y? + By + 1=0 Colorado's Arkansas River is the world’s highest 
suspension bridge. It hangs 1053 ft above the river. 
How long would it take an object to fall to the water 


21. Solve for T: V= ; 1+ - [15.4a] from the bridge? [15.2d] 
Graph each quadratic equation. Label the ordered pairs for Find the function values. [15.7b] 
the vertex and the y-intercept. [15.6a] 29. If f(x) = 2x — 5, find f(2), f(-1), and f(3.5). 
22,y=2- x? 23. y=x*-4x-2 
VA VA 
‘ : 30. If g(x) = |x| — 1, find g(1), g(-1), and g(—20). 
4 4 
3 3 
: 31. Caloric Needs. Ifyou are moderately active, you need 
> SSS a to consume about 15 calories per pound of body 
sm ese ec ad rh . weight each day. The function C(p) = 15p approxi- 
iB i mates the number of calories C that are needed to 
La —s La maintain body weight p, in pounds. How many calo- 
-5 55 ries are needed to maintain a body weight of 180 lb? 


[15.7e] 


Summary and Review: Chapter 15 1163 


4 _ 


Graph each function. [15.7c] 38. Solve: 40x — x2 = 0. [15.1b] 
32. g(x) =4-—x 33. f(x) = x2 - 3 A. 40 B. 2V/10 
Cc. —2V10 D. 0, 40 
VA VA 
5 5 
4 4 l 1 
3 3 39. Solve: =c? +c-==0. [15.3a] 
2, 2 2 2 
r : A. -l+v2 B. -l+vV5 
~§-4-3-2-1,| 12.3.4 5 2 ~§-4-3-2-1,|.1.2.3.4.5 % C.1+ v2 D. -3, 
+2 +2 
£3 +3 
ig +4 ° 
2 ee eee : Synthesis 


40. Two consecutive integers have squares that differ by 63. 
Find the integers. [15.5al] 


34, h(x) = |x| -— 5 35. f(x) =x? - 2x+1 
VA VA 
2 : 41. Asquare with sides of length s has the same area as a 
4 4 circle with a radius of 5in. Finds. [15.5a] 
3 3 
2 2 
: : 42. Solve: x —-4Vx-—5=0. [15.1c] 
~§-4-3-2-1,|.123.45. x -5-4-3-2-1,| 12345 % 
12 =2 
eer ee +3. 
coed ee Use the graph of 
= re y = (x + 3)? 
to solve each equation. 
[15.6b] 
Determine whether each of the following is the graph of a Z 
function. [15.7d] 43. (x + 3) = 1 
36. VA 37. VA 
44, (x + 3)* =4 
—8—-7-6-5-—4-3-2-1 12 x 
> 45. (x + 3) =9 
x x 
46. (x + 3)? =0 


Understanding Through Discussion and Writing 


1. Find and explain the error(s) in the following solution 3. Suppose that the x-intercepts of a parabola are (a, 0) 
of a quadratic equation. [15.2b] and (a2, 0). What is the easiest way to find an equation 
(x + 6)? = 16 for the line of symmetry? to find the coordinates of the 
2 
oo Bowie vertex? [15.6b] 
x+6=4 
pees 4. Discuss the effect of the sign of a on the graph of 


y= ax* + bx +c. [15.6a] 


2. Is it possible for a function to have more numbers as 


5. Ifa quadratic equation can be solved by factoring, what 
outputs than as inputs? Why or why not? [15.7b] 


type of number(s) will generally be solutions? [15.1c] 


\. di 
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For Extra Help 


CHAETER Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
15 TeSt —4Hitirep ser Tet ep 


on DVD, in MyMathiab|)) ,and on Youfi3 (search “BittingerDevMath" and click on “Channels"). 


Solve 

1. 7x? = 35 2. 7x2 + 8x = 0 

4. 3y* — 5y = 2 5. (x — 8)* = 13 

7,m2—3m=7 8. 10 = 4x + x2 
2 4 4 

I} 2 = == I Wi, == =] 
a6 Se ae ae 2 


12. Solve x* — 4x — 10 = 0 by completing the square. Show 
your work. 


14. Solve for n: d = an2 + bn. 


Graph. Label the ordered pairs for the vertex and the y-intercept. 
16. y=4—- x? 

YA 
zs 


5 5 

< y-intercept All 

< Vertex 3 
2 
1 


eee ae 


18. If f(x) = 4x + 1, find f(0), f(1), and f(2). 


t2 + 2t 


oo 
™~ 

(on) 
ll 


9. 3x2 — 7x +1=0 


13. Approximate the solutions to x* — 4x — 10 = 0 to the 
nearest tenth. 


15. Find the x-intercepts: y = —x* + x + 5. 


W7y=—-x2+x45 


VA 
< y-intercept 
< Vertex 


BY 


SSS ae 


19. If g(t) = —2|t| + 3, find g(—1), g(0), and g(3). 


Test: Chapter 15 1165 


Solve. 


20. Rug Dimensions. The width ofa rectangular area rug is 21. Boat Speed. The current in a stream moves at a speed 
4 m less than the length. The area is 16.25 m2. Find the of 2 km/h. A boat travels 44 km upstream and 52 km 
length and the width. downstream in a total of 4 hr. What is the speed of the 

boat in still water? 


22. World Record for 10,000-m Run. The world record for the 10,000-m run has been decreasing steadily since 1940. The 
function R(t) = 30.18 — 0.06¢ estimates the record R, in minutes, as a function of ¢, the time in years since 1940. Predict 
what the record will be in 2012. 


Graph. 

23. h(x) =x-4 24, g(x) = x2-4 
VA VA 
& 5 
4 4 
B 3 
2 2 
i 1 

-§-4-3-2-1,| 12.3.4.5 x -§-4-3-2-1,| 12.3.4.5 a 

Le £2 
i3 =e 
an i 
a & 


Determine whether each of the following is the graph of a function. 
25. YA 26. vA 


RY 
aV 


27. Given g(x) = —2x — x, find g(—8). 


iss =i) B. 48 
C. —66 D. —48 
Synthesis 
28. Find the side of a square whose diagonal is 5 ft longer 29. Solve: 
than a side. x-y=2, 
xy = 4. 
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Appendixes 


A 
B 
Cc 
D 
E 
- 
G 
H 
| 

J 
K 
L 
M 
N 
O 


Linear Measures: American Units and Metric Units 
Weight and Mass; Medical Applications 

Capacity; Medical Applications 

Time and Temperature 

Sets 

Factoring Sums or Differences of Cubes 

Finding Equations of Lines: Point-Slope Equation 
Equations Involving Absolute Value 

The Distance Formula and Midpoints 

Higher Roots, and Rational Numbers as Exponents 
Inequalities and Interval Notation 

Nonlinear Inequalities 

Systems of Linear Inequalities 

Probability 

The Complex Numbers 
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Use the unit below to measure the 
length of each segment or object. 


A 18) 
vs 


Length, or distance, is one kind of measure. To find lengths, we start with 
some unit segment and assign to it a measure of 1. Suppose AB below is a 
unit segment. 


Lh —+ 8 


Ce 1D 


Since we can place 4 unit segments end to end along CD, the measure of 
CD is 4. 

Sometimes we need to use parts of units, called subunits. For example, 
the measure of the segment MN below is 15. We place one unit segment and 
one half-unit segment end to end. 


Do Exercises 1-4. 


(a) American Measures 


American units of length are related as follows. 


AMERICAN UNITS OF LENGTH 


12 inches (in.) = 1 foot (ft) 3 feet = 1 yard (yd) 
36 inches = 1 yard 5280 feet = 1 mile (mi) 


(Actual size, in inches) 


We can visualize comparisons of the units as follows: 


1 foot |= 4 yard = 12 inches 


| linch= 4 foot = x yard 


The symbolism 13 in. = 13" and 27 ft = 27' is also used for inches and 
feet. American units have also been called “English,” or “British-American,” 
because at one time they were used by both countries. Today, both Canada 
and England have officially converted to the metric system. 

To change from certain American units to others, we make substitutions. 
Such a substitution is usually helpful when we are converting from a larger 
unit to a smaller one. 


1 
EXAMPLE 1 Complete: 73yd =______sin. 
td a 7 ied We think f7-yd 7 Ry eat 
git", y e of 7 ydas7— x yd, or72 yd. 
= 7 xX 36 in. Substituting 36 in. for 1 yd 
a x 36in 
3 , 
= 264 in. ) 


Do Exercises 5-7. 


Sometimes it helps to use multiplying by 1 in making conversions. For 
example, 12 in. = 1 ft, so 
12 in. 1 ft 


=1 and =] 
1 ft 12in. 


If we divide 12 in. by 1 ft or 1 ft by 12 in., we get 1 because the lengths are the 
same. Let’s first convert from smaller units to larger units. 


EXAMPLE 2 Complete: 48in.=__ ft. 


We want to convert from “in.” to “ft.” We multiply by 1 using a symbol for 
1 with “in.” on the bottom and “ft” on the top to eliminate inches and to con- 
vert to feet: 


48 in. = = “ x = oa Multiplying by 1 using 5 m to eliminate in. 
- an 
48 _ in. 
a x - x 1ft 
=4™x lft The a acts like 1, so we can omit it. 
= 4ft. 


Complete. 
5. 8yd= 


Answers 


5. 288 


6. 


gt 
2 


in. 


7. 240,768 
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Complete. 
8. 72 in. = 


9. 17 in. 


Complete. 


10. 24 ft = 


11. 35 ft = 


Complete. 
12. 26,400 ft = 


13. 2640 ft = 


Answers 


8. 


6 


5 


9.1— 10. 


12 


We can also look at this conversion as “canceling” units: 


48 in. . 1ft 48 
1 1l2ine 8612 


48 in. = x lft = 4ft. 


This method is used not only in mathematics, as here, but also in fields 


ft such as medicine, chemistry, and physics. i 
itt Do Exercises 8 and 9. } 
_ EXAMPLE 3 Complete: 25ft= _____ yd. 


Since we are converting from “ft” to “yd,” we choose a symbol for 1 with 
“yd” on the top and “ft” on the bottom: 


lyd Sit lyd 
25 ft = 25 ft x —— = = =1, 
5 ft 5 ft 3 ft 3 ft EyGEOS a land 35 fil 
We lyd liminate ft 
fe use 3 ft o eliminate ft. 
2, 
2g By lyd 
3 ft 
1 ft . ae 
= ee lyd The = acts like 1, So we can omit it. 


Hf = 
- 85 yd, or 8.3 yd. 
Again, in this example, we can consider conversion from the point of 
view of canceling: 


lyd 2 1 = 
25 ft = 25 f x cat aoe oy lyd = 8 yd, or 8.3 yd. i 


il 3K 3 


____—iyd Do Exercises 10 and 11. J 


' EXAMPLE 4 Complete: 23,760ft = mi. 
We choose a symbol for 1 with “mi” on the top and “ft” on the bottom: 


5280 ft = 1 mi, so as 


1 
= x ~ 
23,760 ft = 23,760 ft 5280 ft 5280 ft 


23,760 _ ft : 
= x — X lmi 
5280 ft 


= 4.5 X Imi Dividing 


= 4.5 mi. 
Let’s also consider this example using canceling: 


1lmi 


23,760 ft = 23,760 ft x 
3,760 ft 3,760 & 5280 it 


aa _ 23,760 
5280 


mi = 45 X lmi = 4.5 mi. : 


Do Exercises 12 and 13. J 


2 = 
11. No or 11.6 
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(b) Metric Measures 


Although the metric system is used in most countries of the world, it is used 
very little in the United States. The metric system does not use inches, feet, 
pounds, and so on, but units for time and electricity are the same as those 
used now in the United States. 

An advantage of the metric system is that it is easier to convert from one 
unit to another within this system than within the American system. That is 
because the metric system is based on the number 10. 

The basic unit of length is the meter. It is just over a yard. In fact, 
1 meter ~ 1.1 yd. 


(Comparative sizes are shown.) 


The other units of length are multiples of the length of a meter: 
10 times ameter, 100timesameter, 1000 timesameter, andsoon, 


or fractions of a meter: 


2. of a meter, a of a meter, = ofameter, andsoon 
10 * 100 , , : 


1000 
You should memorize the names and abbreviations listed in 
the table at right. Think of kilo- for 1000, ecto- for 100, deka- for METRIC NTs SE CENSTe 
10, deci- for 75, centi- for ;45, and milli- for zg. (The units 1 kilometer (km) = 1000 meters (m) 


dekameter and decimeter are not used often.) We will also use 


these prefixes when considering units of area, capacity, and mass. Lpeaeeaeter (am) = LO meters ey) 


1 dekameter (dam) = 10 meters (m) 


Thinking Metric 1 meter (m) 


To familiarize yourself with metric units, consider the following. 1 decimeter (dm) = a meter (m) 


1 kilometer (1000 meters) is slightly more than , mile 


: 1 
(0.6 mi). 1 centimeter (cm) = 00 meter (m) 
1 meter is just over a yard (1.1 yd). ; 
1 centimeter (0.01 meter) is alittle more than the width of 1 millimeter (mm) = ——~ meter (m) 


a paperclip (about 0.3937 inch). mene 


+— 
lcm 
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1 inch is about 2.54 centimeters. 


k<—— 2.54 cm ——>| (Actual size, in centimeters) 


meee | | 


k<—— 1 inch ——> (Actual size, in inches) 


Using a centimeter ruler, measure 1 millimeter is about the diameter of paperclip wire. 
each object. 


The millimeter (mm) is used to measure small distances, especially in 
industry. 


In many countries, the centimeter (cm) is used for body dimensions and 


clothing sizes. 


16. 
163 cm 
| (64.2 in.) 
(5 ft 4 in.) 


| 1.5 Volts AAA Size 


Do Exercises 14-16. 


Answers 


14. 2.cm, or 20 mm 15. 2.3 cm, or 23 mm 
16. 4.4cm, or 44mm 
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The meter (m) is used for expressing dimensions of larger objects—say, the 
height of a diving board—and for shorter distances, like the length of a rug. 


The kilometer (km) is used for longer distances, mostly in cases in which 


miles are now being used. (Conn T oie onde mien, Ge, wn Or sen 


17. A stick of gum is 7 


long. 
lkn 2 
1 mile is about 1.6 km. : 18. New Orleans is 2941 
Imi from San Diego. 
Do Exercises 17-22. 19. A penny is 1 _____ thick. 
As with American units, when changing from a larger unit to a smaller unit, 20. The halfback ran 7 
we usually make substitutions. 
21. The bookis 3 ____ thick. 
| EXAMPLE 5 Complete: 4km = sm. Bon HeAne aan ieee 
Since we are converting from a larger unit to a smaller unit, we use 
substitution. 
4km = 4X lkm 
= 4x 1000m Substituting 1000 m for 1 km Complete. 
= 4000 m ) 23. 23km = ___m 
| Do Exercises 23 and 24. 24.4hm = ______sm 
Since 
ea ae hein and ——~m=1mm 
10° 1005 100000 


it follows that 


1m = 10dm, l1m=100cm, and 1m= 1000mm. 


| EXAMPLE 6 Complete: 93.4m = _____ cm. 


Since we are converting from a larger unit to a smaller unit, we use sub- 
stitution. We substitute 100 cm for 1 m: 


93.4m = 93.4 X 1m = 93.4 X 100cm = 9340 cm. ) Aenians 


17,cm 18 km 19.mm = 20.m 
21. cm 22. m 23. 23,000 24. 400 
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' EXAMPLE 7 Complete: 0.248m = ____—s mm. 


Since we are converting from a larger unit to a smaller unit, we use 
substitution. 


0.248 m = 0.248 x 1m 


Complete. = 0.248 x 1000 mm Substituting 1000 mm for 1 m 
25.1, (6 — 2 cm = 248 mm b 
26. 9.04m = ___ mm Do Exercises 25 and 26. ] 


We now convert from “m’” to “km.” Since we are converting from a smaller 
unit to a larger unit, we use multiplying by 1. We choose a symbol for 1 with 
“km” in the numerator and “m” in the denominator. 


_ EXAMPLE 8 Complete: 2347m = ______ km. 
2347 m = 2347m X iia ange 
1000 m ed 51000 m 
2347 
= x = xX 1km The = acts like 1, so we omit it. 
1000 m m 
= 2.347 km Dividing by 1000 moves the decimal 


point three places to the left. 


Using canceling, we can work this example as follows: 


oh eT a, 


2347 m = 2347 m1 X ae : 
us mtx 1000 mt 1000 } 


Sometimes we multiply by 1 more than once. 


' EXAMPLE 9 Complete: 8.42mm = ____cm. 
i) 100 iplyi i 
eee eee m ¥ cm Multiplying by 1 using 
1000 mm 1m Im 100 cm 
1000 mm lm 
Complete. 
27. 7814m = ___ km 8.42 x 100 mmm 
= x x x lcm 
1000 mm m 
28. 7814m = —____ dam Te 
= cm = 0.842 cm r 
29. 9.67mm = ____ cm 1000 [ 


30. 89km = ___ ss cm Do Exercises 27-30. 


Mental Conversion 


Changing from one unit to another in the metric system amounts only to the 
movement of a decimal point. That is because the metric system is based 
on 10. Let’s find a faster way to convert. Look at the following table. 


1000 m 100 m 10m lm 0.1m 0.01 m 0.001 m 
1km | lhm | dam | 1m | l1dm | lcm | 1mm 


Each place in the table has a value ;5 that to the left or 10 times that to 
the right. Thus moving one place in the table corresponds to moving one 


Answers decimal place. 


25. 178 26.9040 27. 7.814 
28. 781.4 29. 0.967 30. 8,900,000 
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Let’s convert mentally. 


EXAMPLE 10 Complete: 8.42mm = _____— cm. 


Think: To go from mm to cm in the table is a move of one place to the 
left. Thus we move the decimal point one place to the left. 


1000 m 100 m 10m lm 0.1m 0.01 m 0.001 m 


1lkm | lhm | 1 dam | 1m | l1dm | lcm | 1mm 
ee oll 
1 place to the left 
8.42 0.8.42 8.42 mm = 0.842 cm 
EXAMPLE 11 Complete: 1.886 km = ___ cm. 


Think: To go from km to cm in the table is a move of five places to the 
right. Thus we move the decimal point five places to the right. 


1000 m 100 m 10m lm 0.1m 0.01 m 0.001 m 
1km | lhm | 1 dam | lm | l1dm | lcm | 1mm 
5 places to the right 


1.886 1.88600.  1.886km = 188,600 cm 
WT 
EXAMPLE 12 Complete: 3m = ____ cm. 


Think: To go from m to cm in the table is a move of two places to the 
right. Thus we move the decimal point two places to the right. 


1000 m 100 m 10m lm 0.1m 0.01 m 0.001 m 


1km | lhm dam | 1m | l1dm | gia | 1mm 
en ee 
2 places to the right 
3 3.00. 3m = 300cm 
\a 


You should try to make metric conversions mentally as much as possible. 

The fact that conversions can be done so easily is an important advan- 
tage of the metric system. The most commonly used metric units of length 
are km, m, cm, and mm. We have purposely used these more often than the 
others in the exercises. 


| Do Exercises 31-34. 


Complete. Try to do this mentally 
using the table. 


31. 6780m = ___sd km 
as A -  6) 0 0 200807 
33. 1mm = ___s cm 

34. 845.1mm = ___s dm 
Answers 


31. 6.78 32.974 33.0.1 34. 8.451 
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(¢ ) Converting Units 
We can make conversions between American units and metric units by using 


the following table. These listings are rounded approximations. Again, we 
either make a substitution or multiply by 1 appropriately. 


AMERICAN METRIC 


lin. 2.540 cm era 
Tie 0.305 m WAS 50 
km/h 


lyd 0.914 m Thinkmetric 
1 mi 1.609 km Cy 
0.621 mi 1km ===, 


— 


~ y 


1.094 yd lm 
3.281 ft lm 
39.370 in. lm 


This table is set up to enable us to make conversions by substitution. 


EXAMPLE 13 Complete: 26.2 mi = _____—ikm. 
(The length of the Olympic marathon) 
26.2 mi = 26.2 X | mi 
= 26.2 X 1.609 km Substituting 1.609 km for 1 mi 
= 42.1558 km j 


EXAMPLE 14 Complete: 2.36m = ___ in. 
(The height of Bao Xishun, the world’s tallest man) 
2.36m = 2.36 X 1m 
= 2.36 X 39.37 in. Substituting 39.37 in. for 1 m 
= 92.9132 in. 


In an application like this one, the answer would probably be rounded to the 
nearest one, as 93 in. 


EXAMPLE 15 Complete: 100m = ___ ft. 
(The length of the 100-meter dash) 
100m = 100 X lm 
= 100 X 3.281 ft Substituting 3.281 ft for 1 m 
= 328.1 ft } 


| EXAMPLE 16 Complete: 4544km = ____ mi. 


(The distance from New York to Los Angeles) 
4544 km = 4544 X lkm 
= 4544 X 0.621 mi 
= 2821.824 mi 


Substituting 0.621 mi for 1 km 


In practical situations, we would probably round this answer to 2822 mi. 


) 
| Do Exercises 35-37. 


EXAMPLE17 Millauw Viaduct. The Millau viaduct is part of the Ell 
expressway connecting Paris, France, and Barcelona, Spain. The viaduct has 
the highest bridge piers ever constructed. The tallest pier is 804 ft high and 
the overall height including the pylon is 1122 ft, making this the highest 
bridge in the world. Convert 804 feet and 1122 feet to meters. 


Source: www. abelard.org/france/viaduct-de-millau.php 


We let P = the height of the pier and H = the overall height of the bridge. 
To convert feet to meters, we substitute 0.305 m for 1 ft. 


P = 804 ft H = 1122 ft 
= 804 x lft = 1122 x lft 
= 804 x 0.305m = 1122 < 0.305m 
= 245.22 m = 342.21m ) 
| Do Exercises 38 and 39. 
EXAMPLE 18 Complete: 0.10414mm = ___in. 


(The thickness of a $1 bill) 
In this case, we must make two substitutions or multiply by two forms of 


1 since the table on the preceding page does not provide an easy way to con- 
vert from millimeters to inches. Here we choose to multiply by forms of 1. 


lcm 


0.10414 = 0.10414 x lmim xX 
ur 10 mm 


= 0.010414 cm 
lin. 
2.54 crt 
= 0.0041 in. } 


= 0.010414 x lent X 


| Do Exercise 40. 
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Complete. 


35. 


36. 


37. 


38. 


39. 


40. 


100yd = _____+_m 
(The length of a football field 
excluding the end zones) 


2.5mi = ___—i&km 

(The length of the tri-oval track 
at Daytona International 
Speedway) 


2333) kn — ern 
(The distance from St. Louis 
to Phoenix) 


The distance from San Francisco 
to Las Vegas is 568 mi. Find the 
distance in kilometers. 


The height of the Stratosphere 
Tower in Las Vegas, Nevada, 

is 1149 ft. Find the height in 
meters. 


Complete: 3.175mm = 
= — im 
(The thickness of a quarter) 


Answers 
35. 91.4 36. 4.0225 37. 1479.843 
38. 913.912 39. 350.445m 40. 0.125 
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For Extra Help 


min (HE GB = 


PRACTICE WATCH DOWNLOAD REVIEW 


1. 1ft = ____in. 2. lyd = ___ ft 3. lin. = ___ ft 

4. lmi = ____ yd 5. lmi = ___ft 6. 1ft = ___ yd 

7. 3yd = ___in. 8. 10yd = ___ ft 9. 84in. = ___ft 
10. 48 ft = ____yd 11. 18in. = ___ ft 12. 29 ft = ____yd 
13. 5mi = ___ft 14. 5mi = ___ yd 15. 63in. = ___ ft 
16. 11,616 ft = _____ mi 17. 10ft = ____yd 18. 9.6yd = ___ ft 
19. 7.1mi = ____ ft 20. 31,680 ft = ____ mi 21. 45ft = ______yd 
22, 48in. = ___ ft 23. 45in. = ___yd 24, 6zyd = ____in. 
25. 330 ft = _____ yd 26. 5280 yd = ____ mi 27. 3520 yd = ___ mi 
28. 25mi = _____ift 29. 100yd = ____—ift 30. 480in. = _____—sift 
31. 360in. = ___ft 32. 720in. = ___ yd 33. lin. = ___ yd 
34, 25in. = ___ ft 35. 2mi = ___ in. 36. 63,360 in. = ____ mii 
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b Complete. Do as much as possible mentally. 


37. a) lkm = —_—___m 38. a) lhm = __ em 39. a) ldam = ___ sm 

b) 1m = ____—s—ikm b) lm = ___sihm b) 1m = ______—s dam 
40.a)ldm= ___m 41.a)lcm = ___ sm 42.a)|mm= ___ sm 

b)lm= ___s dm b)1lm= ___s cm b)l1m= ___ so mm 
43.6.7km = ____ em 44. 27km = ___ sm 45. 98cm = ___ sm 
46. 0.789cm = ___sm 47. 8921m = ___s— km 48. 8664m = ___ sim 
49. 56.66m = ___ sd km 50. 4.733m = ____ ss km 51. 5666m = ___—s cm 
52. 869m = ____scm 53. 477cm = ___m 54. 6.27mm = ____sm 
55. 6.88m = ___s cm 56. 6.88m = __s dm 57. 1mm = ____s cm 
58. lcm = ___s km 59. [km = ___ ss cm 60. 2km = ___ scm 
61. 14.2cm = ____ mm 62. 25.3cm = ____ mm 63. 8.2mm = _____scm 
64. 9.7mm = __ scm 65. 4500 mm = ___s cm 66. 8,000,000 m = ___—d km 
67. 0.024mm = __ shld im 68. 60,000 mm = ___— dam 69. 6.88m = ____s— dam 
70. 7.44m = ___ Ss hm 71.2.3dam = ____——s dm 72.9km = ___ Ss hm 
73. 392dam = ___——s— km 74. 0.056mm = ___ sd dm 
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Complete the following table. 


MILLIMETERS CENTIMETERS 
OBJECT (mm) (cm) 


75. Length of a calculator 


18 


76. Width of a calculator 


Length of a piece of typing paper 


Length of a football field 


Width of a football field 


80. Width of a credit card 56 

81. Length of 4 meter sticks 

82. Length of 3 meter sticks 300 
83. Thickness of an index card 0.27 


Height of the Willis Tower 


Thickness of a piece of cardboard 


Height of the CN Tower (Toronto) 553,000 
04 Complete. 
87. 330 ft = m 88. 12in. = cm 89. 


(The length of most baseball 
foul lines) 


90.2m= ______ift 
(The length of a desk) 

93. 180 mi = ___——s—d km 
(The distance from Indianapolis 
to Chicago) 

96. 60km/h = ____—s mph 


(A city speed limit in Canada) 
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91. 


94. 


97. 


(The length of a common ruler) 


65mph = ___—sd km/h 
(A common speed limit in the 
United States) 


141,600,000 mi = ___—s—sd km 
(The farthest distance of Mars 
from the sun) 


l0yd=__ em 
(The length needed for a first 
down in football) 


95. 


98. 


1171.4km = __ smi 
(The distance from Cleveland 
to Atlanta) 


- 100km/h = ___—s mph 


(A common speed limit in 
Canada) 


70mph = ____—sdskm/h 
(An interstate speed limit in 
Arizona) 


450ft = ___+__m 
(The length of a long home run 
in baseball) 
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99. 


101. 


103. 


105. 


107. 


2.008m = _ in. 
(The height of Amare Stoudemire of the Phoenix Suns) 


381m = _____—ift 
(The height of the Empire State Building) 


15.7cm = ____ in. 
(The length of a $1 bill) 
2216km = ___ so mi 


(The distance from Chicago to Miami) 


13mm = _____in. 
(The thickness of a plastic case for a DVD) 


100. 76in. = __ rm 


(The height of Jason Kidd of the Dallas Mavericks) 


102. 1127ft = ___ sm 


(The height of the John Hancock Center) 


104. 7.5in. = __ cm 
(The length of a pencil) 
106. 1862 mi = ___—s—d km 


(The distance from Seattle to Kansas City) 


108. 0.25in. = ___ sd mm 


(The thickness of an eraser on a pencil) 


Complete the following table. Answers may vary, depending on the conversion factor used. 


YARDS CENTIMETERS INCHES METERS MILLIMETERS 
OBJECT (yd) (cm) (in.) (m) (mm) 


Width of a piece of typing paper ae 

110. Length of a football field 120 

111. Width of a football field 4844 

112. Width of a credit card 56 

113. Length of 4 yardsticks 4 

114. Length of 3 meter sticks 300 

115. Thickness of an index card 0.00027 

116. Thickness of a piece of cardboard 0.23 

117. Height of the Willis Tower 442 

118. Height of Central Plaza, Hong Kong 409 
\. J 
Synthesis 


119. Develop a formula to convert from inches to millimeters. 


120. Develop a formula to convert from millimeters to inches. 


How does it relate to the answer for Exercise 1192 
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There is a difference between mass and weight, but the terms are often used 
interchangeably. People sometimes use the word “weight” when, technically, 
they are referring to “mass.” Weight is related to the force of gravity. The 
farther you are from the center of the earth, the less you weigh. Your mass 
stays the same no matter where you are. 


(a) Weight: The American System 


AMERICAN UNITS OF WEIGHT 


1ton (T) = 2000 pounds (Ib) 1lb = 16 ounces (02z) 


The term “ounce” used here for weight is different from the “ounce” we 
will use for capacity in Appendix C. We convert units of weight using the same 
techniques that we use with linear measures. 


! EXAMPLE1 A well-known hamburger is called a “quarter-pounder.” Find 


its name in ounces: a “ ouncer.” 
Since we are converting from a larger unit to a smaller unit, we use 
substitution. 
1 1 1 ree 
Fi Ib = a 1llb = a 16 0z Substituting 16 oz for 1 lb 
Complete. hoe 
1.5lb = ___oz 
A “quarter-pounder” can also be called a “four-ouncer.” ) 
2. 8640 lb = ____—T 
! EXAMPLE 2 Complete: 15,360 lb = T. 
4 Since we are converting from a smaller unit to a larger unit, we use 
multiplying by 1. 
15,360 lb = 15,360 ]b x a Multiplying by 1 
, , 2000 Jb plying by 
15,360 
=— T = 7.68 T 
2000 ) 


1g=1cm? Do Exercises 1-3. 


of water 


(b) Mass: The Metric System 


_ The basic unit of mass is the gram (g), which is the mass of 1 cubic centime- 
ter (1 cm?) of water. Since a cubic centimeter is small, a gram is a small unit 
of mass. 


1 g = 1 gram = the mass of 1 cm? of water 


Answers 
1.80 2.432 3. 32,000 
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The table at right lists the metric units of mass. The prefixes METRIC UNITS OF MASS 


are the same as those for length. . j 
1 metric ton (t) = 1000 kilograms (kg) 
Thinking Metric 1 kilogram (kg) = 1000 grams (g) 


One gram is about the mass of 1 raisin or 1 package of artificial l hectogram (hig) = 100-gramis (p) 


sweetener. Since 1 kg is about 2.2 lb, 1000 kg is about 2200 lb, or 1 dekagram (dag) = 10 grams (g) 
1 metric ton (t), which is just a little more than 1 American ton (T), 1 gram (g) 
which is 2000 lb. 


1 
1 decigram (dg) = io oeam (g) 


1 centigram (cg) = = gram (g) 


100 
1 milligram (mg) = ram 
pemtme"to00 
1 pound 
1 kilogram of Swiss cheese 
of Swiss cheese 

Small masses, such as dosages of medicine and vitamins, may be meas- 
ured in milligrams (mg). The gram (g) is used for objects ordinarily measured 
in ounces, such as the mass of a letter, a piece of candy, a coin, or a small 
package of food. 

(METRIC 
EQUIVALENCE 
= 
15g 
Complete with mg, g, kg, ort. 
4. A laptop computer has a mass 
GG __, 
—— 5. Eric has a body mass of 
1kg 50 kg 85.4 . 
6. This isa3-____ vitamin. 


The kilogram (kg) is used for larger food packages, such as fruit, or for 
human body mass. The metric ton (t) is used for very large masses, such as 7. A pen has a mass of 12 
the mass of an automobile, a truckload of gravel, or an airplane. 
8. A sport utility vehicle has a mass 


| Do Exercises 4-8. OQiGg__, 


Answers 
4.kg 5.kg 6mg 7g 8t 
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Changing Units Mentally 


As before, changing from one metric unit to another amounts only to the 
movement of a decimal point. We use this table. 


1000") e100) 10) | le Olen oolle ooone 


lkg | lhg | 1 dag | 1g | ldg | lcg | 1mg 


EXAMPLE 3 Complete: 8kg = __g. 


Think: To go from kg to g in the table is a move of three places to the 
right. Thus we move the decimal point three places to the right. 


1000 g 100 g 10g ie | Obi 0.01g 0.001¢ 
lkg | lhg | 1 dag | lg | 1 dg | lcg | lmg 


3 places to the right 
8.0 8.000. 8kg = 8000 ¢ 
Ne 


EXAMPLE 4 Complete: 4235g = ___kg. 


Think: To go from g to kg in the table is a move of three places to the left. 
Thus we move the decimal point three places to the left. 


1000 g 100 g 10g lg 0.1g 


0.01g 0.001g 


lkg | lhg | 1 dag | lg | ldg | lcg | 1 mg 


3 places to the left 
Complete. 4235.0 4.235.0 4235 g = 4.235 kg 
9.6.2kg=______¢ Le 
10. 304.8cg=___ss gg Do Exercises 9 and 10. | 
EXAMPLE 5 Complete: 6.98cg = _____ mg. 
Think: To go from cg to mg is a move of one place to the right. Thus we 
move the decimal point one place to the right. 
1000 g 100 g 10g lg 0.1g 0.01 g 0.001 g 
lkg | lhg | 1 dag lg | ldg | lcg | 1lmg 
re i 
1 place to the right 
6.98 69.8  6.98cg = 69.8m¢g 
7 
Answers 


9. 6200 10. 3.048 
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The most commonly used metric units of mass are kg, g, cg, and mg. We 
have purposely used those more than the others in the exercises. 


| EXAMPLE 6 Complete: 89.21mg= ___g. 


Think: To go from mg to g is a move of three places to the left. Thus we 
move the decimal point three places to the left. 


10008) | 00g | el0leen| lee (NOs ||| cule. | Nooorp 


lkg | lhg | 1 dag | lg | 1 dg | leg | oe 
lete. 
3 places to the left Complete 
11. 7.7cg = ___mg 
89.21  0.089.21 89.21 mg = 0.08921 g i 
= 12. 2344mg=_____cg 


| Do Exercises 11-13. 13. 67 dg = mg 
(C) Medical Applications 


Another metric unit that is used in medicine is the microgram (mcg). It is de- 
fined as follows. lmcg = ______ mg. 


MICROGRAM 


14. Complete: 


15. Medical Dosage. A physician 


1 
1 microgram = 1 mcg = ———___ g = 0.000001 g prescribes 500 mcg of 
1,000,000 alprazolam, an antianxiety 
1,000,000 mcg = 1g medication. How many 
milligrams is this dosage? 
Source: Steven R. Smith, M.D. 
| EXAMPLE 7 Complete: 1mg = _____ mcg. 
We convert to grams and then to micrograms: 
lmg = 0.001 g 
= 0.001 x 1g 
= 0.001 x 1,000,000 mcg Substituting 1,000,000 mcg for 1 g 
= 1000 mcg. 


| Do Exercise 14. 


| EXAMPLE 8 Medical Dosage. Nitroglycerin sublingual tablets come in 
0.4-mg tablets. How many micrograms are in each tablet? 
Source: Steven R. Smith, M.D. 


We are to complete: 0.4mg = ____ mcg. Thus, 


0.4mg = 0.4 X 1mg 


= 0.4 xX 1000 mcg From Example 7, substituting 1000 mcg 
for 1 mg 


= 400 mcg. 


We can also do this problem in a manner similar to Example 7. ) 


| Do Exercise 15. Answers 


11.77 12. 234.4 =13. 6700 =‘14. 0.001 
15. 0.5 mg 
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11T= Ib 2. Llb = 
4.8T = Ib 5. 4b = 
7. 6.32T = ___sidb 8. 8.07 T = 
10. 6400 0z = ____sT 11. 800z = 


13. Excelsior. Western Excelsior is a company that makes a 
packing material called excelsior. Excelsior is produced 
from the wood of aspen trees. The largest grove of aspen 
trees on record contained 13,000,000 tons of aspen. How 
many pounds of aspen were there? 

Source: Western Excelsior Corporation, Mancos, Colorado 


18 ldg=___ sg 19. leg = 
21.1g= mg 22. 1g = 

24, 25kg = ____sg 25. 234kg = 
27. 5200 g = kg 28. 1.506 kg = 


1186 APPENDIXES 


For Extra Help 


MyMathLab 


OZ 


OZ 


______cg 


wy TE G = | 


PRACTICE WATCH DOWNLOAD READ REVIEW 


3. 6000 lb = ___s'iT 
6. 10lb = ____—oz 

9. 32000z = ____ iT 
12. 960 oz = Ib 


. Excelsior. Western Excelsior buys 44,800 tons of aspen 


each year to make excelsior. How many pounds of aspen 
does it buy each year? 
Source: Western Excelsior Corporation, Mancos, Colorado 


17. l|dag= sg 
20. lmg = ______g 
23. lg = ____dg 
26. 9403 g = ______sikg 
g 29. 67 hg = kg 
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30. 45cg= __ sg 31. 0.502dg= sg 32. 0.0025cg = _______—s mg 


33. 8492g = ____sikg 34. 9466g = ____sikg 35. 585 mg = ___cg 
36. 96.l1mg = __—cg 37. 8kg = ___s cg 38. 0.06kg = ___—s mg 
39.1t= _____sikg 40.2t=____—ikg 41.34cg= ________— dag 
42.115mg=_____g 43. 60.3kg= tt 44, 15.68kg= ______t 
Cc Complete. 

45. lmg = ____ mcg 46. lmcg = _____ mg 47. 325mcg = ___ mg 
48. 0.45 mg = mcg 49. 210.6mg = _____ mcg 50. 8000 mcg = ____ mg 
51. 4.9mcg = ____ mg 52. 0.075 mg = ____ mcg 


Medical Dosage. Solve each of the following. (None of these medications should be taken without consulting your own 
physician.) 
Source: Steven R. Smith, M.D. 


53. Digoxin is a medication used to treat heart problems. A 54. Digoxin is a medication used to treat heart problems. A 


55. 


physician orders 0.125 mg of digoxin to be taken once 
daily. How many micrograms of digoxin are there in the 
daily dosage? 


Triazolam is a medication used for the short-term treat- 
ment of insomnia. A physician advises her patient to take 
one of the 0.125-mg tablets each night for 7 nights. How 
many milligrams of triazolam will the patient have 
ingested over that 7-day period? How many micrograms? 


physician orders 0.25 mg of digoxin to be taken once a 
day. How many micrograms of digoxin are there in the 
daily dosage? 


56. Clonidine is a medication used to treat high blood pres- 


sure. The usual starting dose of clonidine is one 0.1-mg 
tablet twice a day. If a patient is started on this dose by 
his physician, how many total milligrams of clonidine 
will the patient have taken before he returns to see his 
physician 14 days later? How many micrograms? 
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57. Cephalexin is an antibiotic that frequently is prescribed 
in a 500-mg tablet form. A physician prescribes 2 g of 
cephalexin per day for a patient with a skin sore. How 
many 500-mg tablets would have to be taken in order 
to achieve this daily dosage? 


59. Amoxicillin is a common antibiotic prescribed for 
children. It is a liquid suspension composed of part 
amoxicillin and part water. In one formulation of 
amoxicillin suspension, there are 250 mg of amoxicillin 
in 5 cc of the liquid suspension. A physician prescribes 
400 mg per day for a 2-year-old child with an ear infec- 
tion. How much of the amoxicillin liquid suspension 
would the child’s parent need to administer in order to 
achieve the recommended daily dosage of amoxicillin? 


Synthesis 


61. A box of gelatin- me packages weighs 153 Ib. Each 
package weighs 13 oz. How many Haakares are in 
the box? 


Ss 
GELATIN | 


DESSERT 
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58. Quinidine gluconate is a liquid mixture, part medicine 
and part water, that is administered intravenously. 
There are 80 mg of quinidine gluconate in each cubic 
centimeter (cc) of the liquid mixture. A physician orders 
900 mg of quinidine gluconate to be administered daily 
to a patient with malaria. How much of the solution 
would have to be administered in order to achieve the 
recommended daily dosage? 
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60. Albuterol is a medication used for the treatment of 
asthma. It comes in an inhaler that contains 17 mg of 
albuterol mixed with a liquid. One actuation (inhalation) 
from the mouthpiece delivers a 90-mcg dose of albuterol. 


a) A physician orders 2 inhalations 4 times per day. 
How many micrograms of albuterol does the patient 
inhale per day? 

b) How many actuations/inhalations are contained in 
one inhaler? 

c) Danielle is leaving for 4 months of college and wants 
to take enough albuterol to last for that time. Her 


physician has prescribed 2 inhalations 4 times per day. 


How many inhalers will Danielle need to take with her 
for the 4-month period? 


62. At $1.59 a dozen, the cost of eggs is $1.06 per pound. 
How much does an egg weigh? 


¢ ~~ 
25 a 


<Z> 
<> 
> <7, 


re 
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(a) Capacity 


American Units 


To answer a question like “How much soda is in the can?” we need measures 
of capacity. American units of capacity are fluid ounces, cups, pints, quarts, 
and gallons. These units are related as follows. 


AMERICAN UNITS OF CAPACITY 


1 gallon (gal) = 4 quarts (qt) 1 pt = 2 cups 


= 16 fluid ounces (fl oz) 
1 qt = 2 pints (pt) 1 cup = 8 fluid oz 


Fluid ounces, abbreviated fl oz, are often referred to as ounces, or Oz. 


EXAMPLE 1 Complete: 9gal= ____ oz. 


Since we are converting from a larger unit to a smaller unit, we use 
substitution: 


9gal=9-lgal=9-4qt Substituting 4 qt for 1 gal 
=9-4-lqt=9-4-2pt Substituting 2 pt for 1 qt 
=9-4-2-1lpt=9-4-2- 160z Substituting 16 oz for 1 pt 
= 1152 oz. ) 
EXAMPLE 2 Complete: 24qt = _____ gal. 


Since we are converting from a smaller unit to a larger unit, we multiply 
by 1 using 1 gal in the numerator and 4 qt in the denominator: 


lgal 24 Complete. 
24 qt = 24at- = —-1gal = 6gal. Lae. 
q cart Uae eee: 8 ) ie eal= 
_Do Exercises 1 and 2. 2. 80 qt = 
Metric Units 
One unit of capacity in the metric system is a liter. A liter is just a bit more 
than a quart. It is defined as follows. 
1 liter ~ 1.06 quarts 
fi 
2 em i quart 
mme 
Answers 
1.40 2. 20 


= pet 
_ gal 
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Complete with mL or L. 


3. The patient received an 
injection of 2 ____ of 
penicillin. 


4. There are 250 ___ina 
coffee cup. 


5. The gas tank holds 80 


6. Bring home 8 ____ of milk. 


Answers 
3.mL 4.mL 5.L 6L 
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METRIC UNITS OF CAPACITY 


1 liter (L) = 1000 cubic centimeters (1000 cm?) 
The script letter ¢ is also used for “liter.” 


The metric prefixes are also used with liters. The most common is milli-. 
The milliliter (mL) is, then, in liter. Thus, 


1L = 1000 mL = 1000 cm; 
0.001 L = 1mL = lcm’. 


Although the other metric prefixes are rarely used for capacity, we display 
them in the following table as we did for linear measure. 


1000 L 100 L 10L ib OL 1b 0.01 L 0.001 L 
1kL | 1hL | 1 daL | LL | 1dL | IeL | 1 mL (cc) 


A preferred unit for drug dosage is the milliliter (mL) or the cubic cen- 
timeter (cm). The notation “cc” is also used for cubic centimeter, especially 
in medicine. The milliliter and the cubic centimeter represent the same 
measure of capacity. A milliliter is about 4 of a teaspoon. 


3cm? 


f 


lmL = lcm? = Icc 


Volumes for which quarts and gallons are used are expressed in liters. 
Large volumes in business and industry are expressed using measures of cubic 
meters (m°). 


Do Exercises 3-6. | 


EXAMPLE 3 Complete: 4.5L = ——__ mL. 
45L=45 xX 1L=4.5 x 1000mL Substituting 1000 mL for 1 L 
= 4500 mL 


1000 L 100 L 10L It Onae 0.01 L 0.001 L 
1kL | 1hL | 1 daL | 1L | 1dL | Ie | 1 mL (cc) 
ie ee 


3 places to the right 


_ EXAMPLE 4 Complete: 280mL= ____siL. 


280 mL = 280 X 1 mL 
280 X 0.001 L Substituting 0.001 L for 1 mL 
0.28 L 


1000 L 100 L 10L IL, OME 0.01 L 0.001 L 


1kL LhL 1 dL 1 ch 1 mL (cc) 


3 places to the left 
We do find metric units of capacity in frequent use in the United States— Complete. 
for example, in sizes of soda bottles and automobile engines. ty OOF IL, = mL 
(Do Exercises 7 and 8. 8. 8990 mL = ___L 


b) Medical Applications 
The metric system is used extensively in medicine. 


' EXAMPLE 5 Medical Dosage. A physician orders 3.5 L of 5% dextrose in 
water (abbrev. D5W) to be administered over a 24-hr period. How many mil- 
liliters were ordered? 


We convert 3.5 L to milliliters: 9, Medical Dosage. A physician 


3.5L = 3.5 X 1L = 3.5 X 1000mL = 3500 mL. orders 2400 mL of 0.9% saline 
solution to be administered 
The physician ordered 3500 mL of D5W. | intravenously over a 24-hr 


period. How many liters were 


Do Exercise 9. ordered? 


_ EXAMPLE 6 Medical Dosage. Liquids at a pharmacy are often labeled in 
liters or milliliters. Thus if a physician’s prescription is given in ounces, it must 
be converted. For conversion, a pharmacist knows that 1 fluid oz ~ 29.57 mL.* 
A prescription calls for 3 fluid oz of theophylline. For how many milliliters is the 
prescription? 
We convert as follows: 10. Medical Dosage. A prescription 


calls for 2 oz of theophylline. 
30z = 3 X loz ® 3 X 29.57 mL = 88.71 mL. anere : 
a) For how many milliliters is 
The prescription calls for 88.71 mL of theophylline. l the prescription? 


b) For how many liters is the 


Do Exercise 10. prescription? 


Answers 
7. 970 8. 8.99 9. 2.4L 
*In practice, most pharmacists use 30 mL as an approximation to 1 oz. 10. (a) About 59.14 mL; (b) about 0.059 L 
Pp Pp Ppp 
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For Extra Help 
MyMathLab 


Mathexp i. 


PRACTICE WATCH 


DOWNLOAD 


REVIEW 


(a) Complete. 

lL1L= mL = ____ cm 

3. 87L = mL 4. 806L = 

7. 0.401 mL = ___ EL 8. 0.816 mL = 
11. 10 qt = _____ oz 12. 9.6 0z = 
15. 8gal = ____qt 16. 1 gal = 

19. 56 qt = ___ gal 20. 84 qt = 
Complete. 


2 L 
mL 5. 49 mL = 
L 9. 78.1L = 
pt 13. 20 cups = 
cups 17. 5 gal = 
gal 21. 11 gal = 


2 Gt 


_pt 


cm 


6. 19mL = 


10. 99.6 L = 


14, 1 gal = 


18. 11 gal = 


22. 5 gal = 


GALLONS QUARTS PINTS OUNCES 
OBJECT (gal) (qt) (pt) CUPS (oz) 


12-can package of 12-0z sodas 


24. 6-bottle package of 16-0z sodas 3 

25. Full tank of gasoline 16 

26. Container of milk 8 

27. Tropicana Punch a 

28. Dove shampoo 12 
29. Downy fabric softener oll 
30. Williams Electric Shave 7 


Complete. 
CUBIC CUBIC 
LITERS MILLILITERS CENTIMETERS CENTIMETERS 
OBJECT (L) (mL) (cc) (cm?) 
31. 2-L bottle of soda 2 
32. Heinz Vinegar S50) 
33. Full tank of gasoline in Europe 64 
34. Williams Electric Shave 207 
35. Dove shampoo 355 
36. Newmans Own Salad Dressing 473 
L J 
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cm 


OZ 


if 


pt 
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b Medical Dosage. Solve each of the following. 


37. 


39. 


41. 


43. 


45. 


Source: Steven R. Smith, M.D. 


An emergency-room physician orders 2.0 L of Ringer's 
lactate to be administered over 2 hr for a patient in 
shock. How many milliliters is this? 


A physician orders 320 mL of 5% dextrose in water 
(D5W) solution to be administered intravenously over 
4 hr. How many liters of D5W is this? 


A physician orders 0.5 oz of magnesia and alumina oral 
suspension antacid 4 times per day for a patient with 
indigestion. How many milliliters of the antacid is the 
patient to ingest in a day? 


A physician orders 0.5 L of normal saline solution. How 
many milliliters are ordered? 


A physician wants her patient to receive 3.0 L of normal 
saline intravenously over a 24-hr period. How many 
milliliters per hour must the nurse administer? 


38. 


40. 


42. 


44, 


46. 


An emergency-room physician orders 2.5 L of 0.9% saline 
solution over 4 hr for a patient suffering from dehydration. 
How many milliliters is this? 


A physician orders 40 mL of 5% dextrose in water (D5W) 
solution to be administered intravenously over 2 hr to an 
elderly patient. How many liters of D5W is this? 


A physician orders 0.25 oz of magnesia and alumina oral 
suspension antacid 3 times per day for a child with upper 
abdominal discomfort. How many milliliters of the 
antacid is the child to ingest in a day? 


A physician has ordered that his patient receive 60 mL 
per hour of normal saline solution intravenously. How 
many liters of the saline solution is the patient to receive 
in a 24-hr period? 


A physician tells a patient to purchase 0.5 L of hydrogen 
peroxide. Commercially, hydrogen peroxide is found on 
the shelf in bottles that hold 4 oz, 8 oz, and 16 oz. Which 
bottle comes closest to filling the prescription? 


Because patients do not always have a working knowledge of the metric system, physicians often prescribe 


dosages in teaspoons (t or tsp) and tablespoons (T or Tbsp). The units are related to the metric system and to each other as follows: 


Medical Dosage. 
5mL * 1 tsp, 3tsp = 1T. 
Complete. 
47. 45mL = _____ tsp 48. 3T = ___ tsp 
51. 2T = tsp 52. 8.5 tsp = T 


Synthesis 


49. 1mL = ___tsp 


53. 1T = ____s mL 


50. 18.5mL = ___ tsp 


54. 18.5mL = ____T 


55. Wasting Water. Many people leave the water running while they are brushing their teeth. Suppose that 32 oz of water is 
wasted in such a way each day by one person. How much water, in gallons, is wasted in a week? in a month (30 days)? ina 
year (365 days)? Assuming each of the 306 million people in the United States wastes water in this way, estimate how much 


water is wasted in the United States in a day; in a year. 
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Complete. 
1, 2hr = min 
2. 4yr = ____ days 
3. 1day = _____ min 
4. 168hr = ___wk 
Answers 


1.120 2.1461 3.1440 4. 
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(a) Time 


A table of units of time is shown below. The metric system sometimes uses “h” 
for hour and “s” for second, but we will use the more familiar “hr” and “sec.” 


UNITS OF TIME 


lday = 24 hours (hr) 
1 hr = 60 minutes (min) 


1 
1 year (yr) = 3657 days 


1 min = 60 seconds (sec) 1 week (wk) = 7 days 


The earth revolves completely around the sun in 365+ days. Since we can- 
not have } day on the calendar, we give each year 365 days and every fourth 
year 366 days (a leap year), unless it is a year at the beginning of a century not 
divisible by 400. 


! EXAMPLE1 Complete: 1hr = ___ sec. 
lhr = 60min 
= 60 - 1 min 
= 60 - 60 sec Substituting 60 sec for 1 min 
= 3600 sec ) 
| EXAMPLE 2 Complete: 5yr = _____ days. 
Syr = 5-1lyr 


1 | 
=5- 36577 days Substituting 3657, days for 1 yr 


1461 

4S 

7305 
4 


= 5: days 


ll 


days 


ll 


1 
18267 days ) 


! EXAMPLE 3 Complete: 4320min = _____ days. 


lhf day 4320 


4320 min = 4320 min - ee . Akt 60-24 


days = 3 days 


Do Exercises 1-4. | 


(b) Temperature 


Below are two temperature scales: Fahrenheit for American measure and 
Celsius for metric measure. 


Celsius Fahrenheit 


<—— body ——_> 
temperature 


-<—— Room 
temperature 


<— Water ——>, 
freezes 


By laying a straight edge horizontally between the scales, we can make an 
approximate conversion from one measure of temperature to the other and 
get an idea of how the temperature scales compare. 


EXAMPLES Convert to Celsius using the scales shown above. Approxi- 
mate to the nearest ten degrees. 


4. 212°F (Boiling point of water) 100°C This is exact. 
5. 32°F (Freezing point of water) o°C 


6. 105°F 40°C 


This is exact. 
This is approximate. b 


| Do Exercises 5-7. 


EXAMPLES Make an approximate conversion to Fahrenheit using the 
scales shown above. 


7. 44°C (Hot bath) 110°F This is approximate. 
8. 20°C (Room temperature) 68°F This is exact. 
9. 83°C 180°F This is approximate. i 


| Do Exercises 8-10. 


Convert to Celsius. Approximate to 
the nearest ten degrees. 


5. 180°F (Brewing coffee) 
6. 25°F (Cold day) 


7. —10°F (Miserably cold day) 


Convert to Fahrenheit. Approximate 
to the nearest ten degrees. 


8. 25°C (Warm day at the beach) 


9. 40°C (Temperature of a patient 
with a high fever) 


10. 10°C (Cold bath) 


Answers 


5. 80°C =—s6. OC 7. —20°C ~— 88. 80°F 
9. 100°F 10. 50°F 
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The following formula allows us to make exact conversions from Celsius 
to Fahrenheit. 


CELSIUS TO FAHRENHEIT 


F==-C+ 32, or F=1.8-C+ 32 


(muttipty the Celsius temperature by =, or 1.8, and add 32.) 


- EXAMPLES Convert to Fahrenheit. 
10. 0°C (Freezing point of water) 
9 9 
Four C+ 32=—-0+ 32=0 + 32 = 32 


Thus, 0°C = 32°F. 
11. 37°C (Normal body temperature) 


F=1.8-C+ 32 = 18-37 + 32 = 66.6 + 32 = 98.6 


Convert to Fahrenheit. Thus, 37°C = 98.6°F. 
11. 80°C Check the answers to Examples 10 and 11 using the scales on p. 1195. 
I SC Do Exercises 11 and 12. ] 


The following formula allows us to make exact conversions from Fahren- 
heit to Celsius. 


FAHRENHEIT TO CELSIUS 


(F — 32) 


5 
C= 9° (F- 32), or C= ia 


5 
(subtract 32 from the Fahrenheit temperature and multiply by got 
divide by 18.) 


EXAMPLES Convert to Celsius. 


12. 212°F (Boiling point of water) 13. 77°F 
5 F- 32 
=—.(F-— 32 = 
C 9 ( 32) . 1.8 
i, oe: 
Convert to Celsius. 9 1.8 
3 95er 5 45 
= —- 180 = 100 =——=25 
9 1.8 
14, 113°F 
Thus, 212°F = 100°C. Thus, 77°F = 25°C. 
Check the answers to Examples 12 and 13 using the scales on p. 1195. 
Answers ; 
11..176°F 12. 95°F 13. asec Do Exercises 13 and 14. 
14. 45°C 
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READ REVIEW 


For Extra Help 
Exercise Set MyMathLab|y “© SB. 


1. lday = ____hr 2. lhr = ____ min 3. lmin = ______ sec 
4. lwk = _______ days 5. lyr = _____ days 6. 2yr = _____ days 
7. 180sec = ____hr 8. 60sec = ___hr 9. 492sec = ____ min 


(The amount of time it takes for 
the rays of the sun to reach the 


earth) 

10. 18,000sec = ____—sihr 11. 156hr = ______— days 12. 444hr = ______— days 
13. 645 min = _____—sihr 14. 375 min = _____—rihr 15. 2wk = ____—ir 
16. 4hr = _____— sec 17. 756hr = ___s wk 18. 166,320 min = __s wk 
19, 2922wk = ____yr 20. 623 days = ____ wk 
21. Actual Timeina Day. Although we round it to 24 hr, 22. Time Length. What length of time is 86,400 sec? Is it 

the actual length of a day is 23 hr, 56 min, and 4.2 sec. 1 hr, 1 day, 1 week, or 1 month? 

How many seconds are there in an actual day? 

Source: The Handy Geography Answer Book 

9 

(b) Convert to Fahrenheit. Use the formula F = 5 C+ 320rF=1.8-C + 32. 
23. 25°C 24, 85°C 25. 40°C 26. 90°C 
27. 86°C 28. 93°C 29. 58°C 30. 35°C 
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31. 


35. 


37. 


41. 


45. 


2°C 32. 78°C 


3000°C 
(The melting point of iron) 


Convert to Celsius. Use the formula C = " - (F - 32)orC = 
86°F 38. 59°F 
178°F 42. 195°F 
68°F 46. 50°F 
98.6°F 


49. 


51. 


53. 


(Normal body temperature) 


Highest Temperatures. The highest temperature ever 
recorded in the world is 136°F in the desert of Libya 

in 1922. The highest temperature ever recorded in 

the United States is 56 20C in California’s Death Valley 
in 1913. 


Source: The Handy Geography Answer Book 


a) Convert each temperature to the other scale. 
b) How much higher in degrees Fahrenheit was the 
world record than the U.S. record? 


Record Low Temperature. The record low temperature 
in Hawaii as of August 2006 occurred on May 17, 1979. 
The record was 12°F at Mauna Kea Observatory. Convert 
12°F to Celsius. 


Source: National Climatic Data Center, NESDIS, NOAA, U.S. Department of 
Commerce 


Synthesis 


55. 


Estimate the number of years in one million seconds. 
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33. 


36 


F— 32 


39 


43. 


47. 


50. 


52. 


54. 


56. 


5°C 34. 15°C 


1000°C 
(The melting point of gold) 


131°F 40. 140°F 
140°F 44. 107°F 
44°F 48. 120°F 
104°F 


(High-fevered body temperature) 


Boiling Point and Altitude. The boiling point of water 
actually changes with altitude. The boiling point is 212°F 
at sea level, but lowers about 1°F for every 500 ft that the 
altitude increases above sea level. 

Sources: The Handy Geography Answer Book; The New York Times Almanac 


a) What is the boiling point at an elevation of 1500 ft 
above sea level? 

b) The elevation of Tucson is 2564 ft above sea level and 
that of Phoenix is 1117 ft. What is the boiling point in 
each city? 

c) How much lower is the boiling point in Denver, whose 
elevation is 5280 ft, than in Tucson? 

d) What is the boiling point at the top of Mt. McKinley in 
Alaska, the highest point in the United States, at 
20,320 ft? 


Record High Temperature. The record high temper- 
ature in Utah as of August 2006 occurred on July 5, 1985. 
The record was 117°F at Saint George. Convert 117°F to 
Celsius. 


Source: National Climatic Data Center, NESDIS, NOAA, U.S. Department of 
Commerce 


Estimate the number of years in one billion seconds. 
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(a) Naming Sets 


To name the set of whole numbers less than 6, we can use the roster method, 
as follows: {0, 1,2, 3, 4, 5}. 

The set of real numbers x such that x is less than 6 cannot be named by 
listing all its members because there are infinitely many. We name such a set 
using set-builder notation, as follows: {x|x < 6}. This is read “The set of all 
x such that x is less than 6.” See Section 8.7 for more on this notation. 


[Do Exercises 1 and 2. 
(b) Set Membership and Subsets 


The symbol € means is amember of or belongs to, or is an element of. Thus, 
x € A means x is amember of A or x belongs to A or x is an element of A. 


EXAMPLE 1 Classify each of the following as true or false. 
a) 1 € {1,2,3} 

b) 1€ {2,3} 

c) 4 € {x|xis an even whole number} 

d) 5 € {x|xis an even whole number} 


a) Since 1 is listed as a member of the set, 1 € {1, 2, 3} is true. 
b) Since 1 is nota member of {2,3}, the statement 1 € {2, 3} is false. 


c) Since 4 is an even whole number, 4 € {x|xis an even whole number} is a 
true statement. 


d) Since 5 is not even,5 € {x|xis an even whole number} is false. 5 


Set membership can be illustrated with a xEA 
diagram, as shown here. 


| Do Exercises 3 and 4. 


If every element of A is an element of B, then 
Ais a subset of B. This is denoted A C B. The set of 
whole numbers is a subset of the set of integers. 
The set of rational numbers is a subset of the set 
of real numbers. 


EXAMPLE 2 Classify each of the following as true or false. 
a) {1,2} C {1,2,3,4} 
©) {xie< 6) Cle |x = 11) 


b) {p,q,1, w} C {a, p,r, z} 


a) Since every element of {1,2} is in the set {1,2,3,4}, the statement 
{1,2} € {1, 2, 3, 4} is true. 


Name each set using the roster 
method. 
1. The set of whole numbers 0 
through 7 


2. {x| the square of xis 25} 


Determine whether each of the 
following is true or false. 
3. 8 € {x| xis an even whole 
number} 


4. 2 € {x|xis a prime number} 


Answers 
1. {0,1,2,3,4,5,6,7} 2. {-5,5} 
3. True 4. True 
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Determine whether each of the 
following is true or false. 
f= 28,24 E 
{-5, —4, -2,7, -3, 5, 4} 


6. {a,e, 1,0, u} 
The set of all consonants 


7. {xlx = —8} C {x|x = -7} 


Find the intersection. 
8. {-2, -3, 4, -4,8} 
{-5, -4, -2,7, -3, 5,4} 


9. {a,e,i,0, u} M {m, a,1z, v, i, n} 


10. {a,e,i,0,u}M 
The set of all consonants 


Find the union. 
11. {—2, —3, 4, —4, 8} U 
{-5, -—4, -2,7, -3, 5,4} 


12. {a,e,i,o, u} U {m,a,r, v, i, n} 


13. {a,e,i,0, u} U 
The set of all consonants 


Answers 

5. True 6. False 7. True 

8. {-2,-3,4,-4} 9. {a, i} 

10. {},or@ 11. {-2,-3, 4, 4,8, -5, 7, 5} 

12. {a,e,i, 0, u,m,r, v, n} 

13. {a,b,c,d,e, f, g, h, i,j, k,1, m,n, 0, p, q,1,s, 
t, U,V, W, x, y, Z} 
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b) Since q € {p,q,r,w}, but q ¢ {a,p,r,z}, the statement {p,q,r, w}C 
{a, p,r, z} is false. 


c) Since every number that is less than 6 is also less than or equal to 11, the 
statement {x|x < 6} C {x|x <= 11} is true. 


Do Exercises 5-7. | 


c) Intersections and Unions 


The intersection of sets A and B, denoted A’ B, is the set of members that are 
common to both sets. 


EXAMPLE 3 Find the intersection. 
a) {0,1,3,5, 25} M {2, 3, 4,5, 6, 7,9} b) {4, p,q, w}/ {p,q, t} 


a) 10, 1,3, 5, 25} (1) {2,3,4, 5,6, 7,9} = 3,5) 
b) {4p,qgw}O {pg} = {pg} 


Set intersection can be illustrated ANB 
with a diagram, as shown here. ( 


The set without members is known as the empty set, and is often named 
@, and sometimes { }. Each of the following is a description of the empty set: 


{2,3} M {5, 6, 7}; 
{x|xis an even natural number} M {x|x is an odd natural number}. 


Do Exercises 8-10. ] 


Two sets A and B can be combined to form a set that contains the mem- 
bers of A as well as those of B. The new set is called the union of A and B, 
denoted AU B. 


EXAMPLE 4 Find the union. 
a) {0,5, 7, 13,27} U {0, 2, 3, 4, 5} b) {a,c,e,g} U {b,d, f} 


a) {0,5, 7, 13,27} U {0,2,3,4,5} = {0, 2,3, 4,5, 7, 13, 27} 
Note that the 0 and the 5 are not listed twice in the solution. 


b) {aceg}U{b,a4f} = {ab,c,d,¢f, g} 


Set union can be illustrated AU Bis shaded. 
with a diagram, as shown here. 


The solution set of the equation (x — 3) (x + 2) = Ois {3, —2}. This set 
is the union of the solution sets of x — 3 = 0 and x + 2 = 0, which are {3} 
and {—2}. 


Do Exercises 11-13. 


" For Extra Help fe = > 
aay «Exercise Set MyMathLab|) “xe OB 3. = & 


(a) Name each set using the roster method. 


1. The set of whole numbers 3 through 8 2. The set of whole numbers 101 through 107 
3. The set of odd numbers between 40 and 50 4. The set of multiples of 5 between 11 and 39 
5. {x|the square of xis 9} 6. {x|xis the cube of 0.2} 


(b) Classify each statement as true or false. 


7. 2 € {x|x is an odd number} 8. 7 € {xlxis an odd number} 
9. Kyle Busch € The set of all NASCAR drivers 10. Apple € The set of all fruit 
11. -3 € {—4, -3,0, 1} 12. 0 € {—4, -3, 0, 1} 
13. z € {x|x is a rational number} 14. Heads € The set of outcomes of flipping a penny 
15. {4,5,8,} € {1,3, 4,5, 6, 7, 8, 9} 16. The set of vowels C The set of consonants 
17. {—1, —2, -3, —4, -5} C {-1, 2,3, 4,5} 18. The set of integers C The set of rational numbers 


(c) Find the intersection. 


19. {a,b,c,d,e}M {c,d,e,f, g} 20. {a,e,i,0, u} M {q, u,i,c, k} 21. {1,2,5, 10} /M {0, 1,7, 10} 
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22. {0,1,7, 10} M {0, 1, 2,5} 


Find the union. 
25. {a,e,i,0, u} U {q, u,i, c, k} 


27, {0;1, 7, 10}'L) {0, 1, 2,5} 


29. {a,e,i,o, u} U {m, n, f, g, h} 


Synthesis 


31. Find the union of the set of integers and the set of 
whole numbers. 


33. Find the union of the set of rational numbers and the 
set of irrational numbers. 


35. Find the intersection of the set of rational numbers and 


the set of irrational numbers. 


37. For a set A, find each of the following. 


a) AUD b) AUA 
c) ANA d) AND 


39. Experiment with sets of various types and determine 
whether the following distributive law for sets is true: 


AN (BUC) = (ANB)U(ANC). 
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23. {1,2,5, 10} M {3, 4, 7, 8} 


26. 


28. 


30. 


32. 


34. 


36. 


38. 


24. {a,e,i,o, u} M {m,n, f, g,h} 


{a, b,c, d, e} U {c, d, e, f, g} 


{1, 2,5, 10} U {0, 1, 7, 10} 


{1,2,5, 10} U {a,b} 


Find the intersection of the set of odd integers and the 
set of even integers. 


Find the intersection of the set of even integers and the 
set of positive rational numbers. 


Find the union of the set of negative integers, the set of 
positive integers, and the set containing 0. 


A set is closed under an operation if, when the operation 
is performed on its members, the result is in the set. 

For example, the set of real numbers is closed under the 
operation of addition since the sum of any two real 
numbers is a real number. 


a) Is the set of even numbers closed under addition? 

b) Is the set of odd numbers closed under addition? 

c) Is the set {0, 1} closed under addition? 

d) Is the set {0, 1} closed under multiplication? 

e) Is the set of real numbers closed under 
multiplication? 

f) Is the set of integers closed under division? 
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(a) Factoring Sums or Differences of Cubes 


We can factor the sum or the difference of two expressions that are cubes. 
Consider the following products: 
(A + B)(A* — AB + B*) = A(A? — AB + B?) + B(A? — AB + B?) 
= A3 — A2B + AB? + A2B — AB? + B3 
= AP + BS 


and  (A-— B)(A? + AB + B?) = A(A* + AB + B*) — B(A? + AB + B?) 
= A3 + A2B + AB? — A2B — AB? — B8 


= AS — B3, 
The above equations (reversed) show how we can factor a sum or a difference 0.2 0.008 
of two cubes. 
0 0 
FACTORING SUMS OR DIFFERENCES OF CUBES 1 1 
A? + B? = (A + B)(A* — AB + B?), 2 8 
3_ pBa=(A— 2 2 
A3 — B38 = (A — B) (A2 + AB + B?) : oe 
4 64 
Note that what we are considering here is a sum or a difference of cubes. 
We are not cubing a binomial. For example, (A + B)? is not the same as 5 125 
A® + B8, The table of cubes in the margin is helpful. F ote 
EXAMPLE 1 Factor: x3 — 8. 7 343 
We have 
8 512 
3— g = x3 — 23 = (x — 2) (x2 +x-2 + 27). 
t t rat TT a: 
A’ — BS = (A — B)(A? + A B + B?) 10 | 1000 
This tells us that x? — 8 = (x — 2) (x? + 2x + 4). Note that we cannot factor 
x? + 2x + 4, (It is not a trinomial square nor can it be factored by trial and 
error or the ac-method.) The check is left to the student. ) 
Factor. 
| Do Exercises 1 and 2. 1x = 27 2. 64 — y3 
EXAMPLE 2 Factor: x? + 125. 
We have 
x3 +125 = x3 4+ 53 = (x + 5)(x? -— x-5 + 5). Factor. 
t t t TT yy i) Bhs ck 6) Hh Wee 
A® + B® = (A+ B)(A* — A B+ B?) 
Thus, x? + 125 = (x + 5) (x* — 5x + 25). The check is left to the student. 
) Answers 
1. (x — 3)(x? + 3x + 9) 
4 ae 4g: 
| Do Exercises 3 and 4. a an a: Ae = Be ; 
4. (5 + t)( 
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’ EXAMPLE 3 Factor: x? — 27f3. 
We have 


x3 — 27t3 = x3 — (3t)3 = (x — 3t) (x? + x- 3t+ (32)?) 
a. 2 rae tl Tt 
A’ — BB = (A-— B)(A2+A B + B?) 
= (x — 3t) (x2 + 3xt + 9t?) 


Factor. 


5. 27x38 — y3 6. 8y? + z3 Do Exercises 5 and 6. } 


EXAMPLE 4 Factor: 128y’ — 250x®y. 
We first look for a common factor: 
128y’ — 250x%y = 2y(64y® — 125x6) = 2y[(4y2)3 — (5x2)3] 
= 2y(4y” — 5x”) (16y4 + 20x2y? + 25x4). 


’ EXAMPLE 5 Factor: a® — b®. 
We can express this polynomial as a difference of squares: 
(a3)? — (b3)2, 
We factor as follows: 
6 — p§ = (a3 + b3) (a3 — b). 


One factor is a sum of two cubes, and the other factor is a difference of two 
cubes. We factor them: 


(a + b)(a* — ab + b?)(a — b)(a? + ab + b?). 
We have now factored completely. 
In Example 5, had we thought of factoring first as a difference of two 
cubes, we would have had 
(a?)3 = (b?)8 — (a2 = b?) (a4 oe a2b2 ae b+) 
= (a+ b)(a— b)(a* + ab? + b*, 


In this case, we might have missed some factors; a* + a2b* + b4 can be 
factored as (a* — ab + b*)(a* + ab + b”), but we probably would not have 
known to do such factoring. 


Factor. ) EXAMPLE 6 Factor: 64a® — 729b°. 
7.7 — 7 64a® — 729b§ = (8a> — 27b3) (8a2 + 27b3) _—- Factoring a difference 
- of squares 
8. 16x‘y + 54. 
nee = [(2a)3 — (3b)3][(2a)? + (36)3]. 
9. 729x® — 64y® Each factor is a sum or a difference of cubes. We factor each: 
10. x3 — 0.027 = (2a — 3b) (4a? + 6ab + 9b2) (2a + 3b) (4a2 — 6ab + 9b?) 
Sum of cubes: A3 + B® = (A + B)(A* — AB + B?*); 
Answers Difference of cubes: A? — B® = (A — B)(A* + AB + B?); 
5. (3x ~ y) (9x" + Bay + y?) Difference of squares: A* — B* = (A + B)(A — B); 
lh oe ei ae Sum of squares: A? + B* cannot be factored using real numbers 
7. (m + n)(m* —mn + n*) X : 
(m —n) (m2 + mn +n?) if the largest common factor has been removed. 


8. 2xy(2x* + 3y?) (4x4 — 6x2y? + 9y4) 
9. (3x + 2y) (axt — 6xy + on x 


(3x — 2y) (9x? + 6xy + 4y?) r 
10. (x — 0.3) (x? + 0.3x + 0.09) Do Exercises 7-10. J 
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Exercise Set 


(a) Factor. 


1. z3 + 27 2.a2 +8 3.x3- 1 

4. c3 — 64 5. y? + 125 6.x3 +1 

7. 8a2 +1 8. 27x23 +1 9. y3- 8 
10. p? — 27 11. 8 — 27b3 12. 64 — 125x3 
13. 64y3 + 1 14, 125x3 + 1 15. 8x3 + 27 
16. 27y? + 64 17. a? — b 18, x3 — y 

19 a+ 2 20. b? + ae 21. 2y3 — 128 

8 27 

22. 3z3 — 3 23. 24a3 + 3 24, 54x3 + 2 
25. rs? + 64r 26. ab® + 125a 27. 5x3 — 40z3 
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28. 2y3 — 5423 29. x3 + 0.001 30. y? + 0.125 


31. 64x® — 876 32. 125c® — 8d® 33. 2y4 — 128y 
34, 32° — 327 35. z6 -— 1 36. 1° + 1 

37. t© + 64y6 38. p® — q® 

Synthesis 


Consider these polynomials: 
(a+ b)?; a? + b3; (a + b)(a2 — ab + b?); 
(a + b)(a* + ab +b); (a+ b)(at+ b)(a+b). 


39. Evaluate each polynomial when a = —2 and b = 3. 40. Evaluate each polynomial when a = 4andb = —1. 


Factor. Assume that variables in exponents represent natural numbers. 


Al, x64 4 3b 42. a°x3 — pry3 

43. 3x34 + 24y3b 44, 2x3 + 13 

45. 94x°y? + 32° 46. 7x3 — 7 

47. (x + y) — x3 48. (1 — x)? + (x - 1)§ 
49. (a + 2)3 — (a — 2)3 50. y4 — By? —y + 8 
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In Section 9.4, we found equations of lines using the slope—intercept equa- 
tion, y = mx + b. Here we introduce another form, the point-slope equation, 
and find equations of lines using both forms. 


(a) Finding an Equation of a Line When the 
Slope and a Point Are Given 


Suppose we know the slope of a line and the coordinates of one point on the 
line. We can use the slope-intercept equation to find an equation of the line. 
Or, we can use what is called a point-slope equation. We first develop a for- 
mula for such a line. 

Suppose that a line of slope m passes through the point (x), y;). For any 
other point (x, y) to lie on this line, we must have 


YON _ 


X— X1 


It is tempting to use this last equation as an equation of the line of slope m 
that passes through (x), y;). The only problem with this form is that when x 
and y are replaced with x, and y;, we have ? = m, a false equation. To avoid 
this difficulty, we multiply by x — x, on both sides and simplify: 


(x — x)2— = M(x — X}) Multiplying by x — x, on both sides 
: : xX — X] 

y-yY, = m(x— x). Removing a factor of 1: ——o 1 
— xX] 


This is the point-slope form of a linear equation. 


POINT-SLOPE EQUATION 


The point-slope equation of a line with slope m, passing through 


(x11), is 


yy = mo — 2X4). 
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Find an equation of the line with the 
given slope and containing the given 
point. 


1. m = —3, (5,4) 
2.m = 5, (—2,1) 


3. m = 6, (3,—5) 


2 
Ob ip = ==, (U2 
m= —5, (1,2) 


Answers 

ly=-3x-11 2y=5x+11 
3 = 6x — 23 4 See egee 
~y ~ Jy 3 3 
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If we know the slope of a line and a certain point on the line, we can find 
an equation of the line using either the point-slope equation, 
Y- Yi = M(x — x1), 
or the slope-intercept equation, 


y=mx +b. 


EXAMPLE 1_ Find an equation of the line with slope —2 and containing the 
point (—1,3). 
Using the Point-Slope Equation: We consider (—1,3) to be (x1, y,) and —2 
to be the slope m, and substitute: 
Y— Yi = M(x — x) 
y-—3=-2[x- (-1)] Substituting 
y—3=-2(x + 1) 
y-3=-2x- 2 
y= -2x-24+3 
y= -2x +1. 


Using the Slope-Intercept Equation: The point (—1,3) is on the line, so it is 
a solution. Thus we can substitute —1 for x and 3 foryiny = mx + b. Wealso 
substitute —2 for m, the slope. Then we solve for b: 


y=mx+b 

3=-2:-(-l1) +b Substituting 
=2+b 

1=b. Solving for b 


We then use the equation y = mx + band substitute —2 for mand 1 for b: 


y= 2x 1, 


x 


Do Exercises 1-4. | 


(b) Finding an Equation of a Line When 
Two Points Are Given 


We can also use the point-slope equation or the slope-intercept equation to 
find an equation of a line when two points are given. 


. EXAMPLE 2 Find an equation of the line containing the points (3, 4) and 
(—5, 2). 
First, we find the slope: 
4-2 2 1 


m= = Or S.. 
3-(-5) 8 4 


Now we have the slope and two points. We then proceed as we did in Example 1, 
using either point, and either the point-slope equation or the slope—intercept 
equation. 


Using the Point-Slope Equation: We choose (3,4) and substitute 3 for xj, 
4 for y;, and ; for m: 
y~ VN = m(x — x1) 
y-4=7(x- 3) Substituting 


a4 a tee 3 

Y-4240-% 
yalx-+4 
— 1 — 3 4 16 
Vr 4X47 4 
os Tae ay 8 
yHqxt sq. 


Using the Slope-Intercept Equation: We choose (3,4) and substitute 3 for 
x, 4 for y, and ri for m and solve for b: 


=mx+b 
= i -3+4+b Substituting 
=}+b 
4-95 
16. 3. 
4 47 
= p. Solving for b 


Finally, we use the equation y = mx + band substitute } for m and #3 for b: 


y=qgxt@. 
YA 
a G4) 
(5,3)? yaqrty 


+5. } 
| Do Exercises 5 and 6. 


. Find an equation of the line 


containing the points (3, —5) 
and (—1,4). 


. Find an equation of the line 


containing the points (—3, 11) 
and (—4, 20). 


Answers 


x4 6. y = -9x — 16 
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For Extra Help 


G Exercise Set MyMathLab 


wiry TG = |g 


PRACTICE WATCH DOWNLOAD READ REVIEW 


(a) Find an equation of the line having the given slope and containing the given point. 


lm = 4, 6,2) 2, 7 = 5; (4,3) 3. m = —2, (2,8) 4. m = —3, (9,6) 
5. m = 3, (—2,-2) 6. m = 1, (-1,-7) 7. m= —3, (—2,0) 8. m = —2, (8,0) 
9. m = 0, (0,4) 10. m = 0, (0,—7) 11. m= -?, (2,3) 12. m = 2, (1,-2) 


(b) Find an equation of the line containing the given pair of points. 


13. (2,5) and (4,7) 14. (1,4) and (5,6) 15. (—1,—1) and (9,9) 16. (—3, —3) and (2, 2) 

17. (0, —5) and (3,0) 18. (—4,0) and (0,7) 19. (—4,—7) and (—2, -1) 20. (—2,-3) and (—4, —6) 

21. (0,0) and (—4,7) 22. (0,0) and (6, 1) 23, (2,3) and (=3,2) 24. (3,—3) and (3,6) 

Synthesis 

25. Find an equation of the line that has the same 26. Find an equation of the line with the same slope as 
y-intercept as the line 2x — y = —3 and contains the line $x — $y = 10 and the same y-intercept as the 
the point (—1, —2). line}x + 3y = —2. 
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(a) Equations with Absolute Value 


There are equations that have more than one solution. Examples are equa- 
tions with absolute value. Remember, the absolute value of a number is its 
distance from 0 on the number line. 


EXAMPLE 1 Solve: |x| = 4. Then graph on the number line. 


Note that |x| = |x — 0, so that |x — 0] is the distance from x to 0. Thus 
solutions of the equation |x| = 4, or |x — 0| = 4, are those numbers x whose 
distance from 0 is 4. Those numbers are —4 and 4. The solution set is {—4,4}. 


The graph consists of just two points, as shown. ) 
4 units 4 units 
A A 
C NO ™ 
<p tt tt 
-5 -4-3 -2 -1 0 1 2 3 4 5 


EXAMPLE 2 Solve: |x| = 0. 


The only number whose absolute value is 0 is 0 itself. Thus the solution 
is 0. The solution set is {0}. 


EXAMPLE 3 Solve: |x| = —7. 


The absolute value of a number is always nonnegative. Thus there is no 
number whose absolute value is —7; consequently, the equation has no solu- 
tion. The solution set is @. 


Examples 1-3 lead us to the following principle for solving linear equa- 
tions with absolute value. 


THE ABSOLUTE VALUE PRINCIPLE 


For any positive number p and any algebraic expression X: 


a) The solution of |X| = pis those numbers that satisfy X = —p 
or X = p. 


b) The equation |X| = 0 is equivalent to the equation X = 0. 


c) The equation |X| = —p has no solution. 


| Do Exercises 1-3. 


We can use the absolute-value principle with the addition and multipli- 
cation principles to solve equations with absolute value. 


| EXAMPLE 4 Solve: 2|x| + 5 = 9. 


We first use the addition and multiplication principles to get |x| by itself. 
Then we use the absolute-value principle. 


1. Solve: |x| = 6. Then graph on 
the number line. 


( 


== 
235 Sa Sa ee 
2. Solve: |x| = —6. 


3. Solve: |p| = 0. 


Answers 


aa 
4 6 
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r 
8 


= 


We have 


ax|+5=9 
2|x| = 4 Subtracting 5 
Solve. lx] = 2 Dividing by 2 
4. |3x| = 6 x=-2 or x=2. Using the absolute-value principle 
5. A|x| + 10 = 27 The solutions are —2 and 2. The solution set is {—2,2}. , 


6. 3|x| — 2 = 10 Do Exercises 4-6. 


) EXAMPLE 5. Solve: |x — 2| = 3. 
We can consider solving this equation in two different ways. 


METHOD 1: This allows us to see the meaning of the solutions graphically. 
The solution set consists of those numbers that are 3 units from 2 on the 
number line. 


<1 +1 1-1 + 
-5 -4-3-2-1 0 12 3 4 


$—> 
5 
3 units 3 units 


The solutions of |x — 2| = 3 are —1 and 5. The solution set is {—1,5}. 


METHOD 2: This method is more efficient. We use the absolute-value 
principle, replacing X with x — 2 and p with 3. Then we solve each equation 


separately. 
|X| = p 
|x — 2| = 3 
x-2=-3 or x-2=3 Absolute-value principle 
x=-1 or x=5 


The solutions are —1 and 5. The solution set is {—1,5}. b 
7. Solve: |x — 4| = 1. Use two 


methods as in Example 5. Do Exercise 7. 


) EXAMPLE 6 Solve: |2x + 5| = 13. 
We use the absolute-value principle, replacing X with 2x + 5 and p 


with 13: 
|X| = p 
lax + 5| = 13 
2x+5=-13 or 2x+5=13 Absolute-value principle 
2x = -18 or 2x = 8 
8. Solve: |3x — 4| = 17. _ _ 
x=-9 or x=A. 


The solutions are —9 and 4. The solution set is {—9,4}. L 


BE NC eant ___Do Exercise 8.) 


) EXAMPLE 7 Solve: |4 — 7x| = —8. 


Since absolute value is always nonnegative, this equation has no solution. 
4. {-2,2} 5. {-2 ah 6. {-4,4} The solution set is @. | 


13 
z tas) a {-3.7} 92 ___Do Exercise 9. _J 


Answers 
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Exercise Set 


1. |x| = 2.x) =5 

5. |q| = 0 6. |y| = 7.4 

9. |2x — 3| = 4 10. |5x + 2| = 3 
13. |x| + 7 = 18 14, |x| -2=63 
17. |5x| = 40 18. |2y| = 18 
21. 7|w| -3 = 11 22. 5|x| + 10 = 26 
25. |m + 5| +9 = 16 26. |¢-7|-5=4 
29. |3x — 4| = -2 30. |x — 6| = —-8 
Synthesis 
Solve. 


33. |x + 5|=x+5 
35. |7x — 2; =x+4 


For Extra Help —_-» 


MyMathiab |) ve SS 


A ® 
PRACTICE WATCH DOWNLOAD READ REVIEW. 


3. |x| = -3 4, |x| = -9 

7. |x — 3| = 12 8. |3x — 2| = 6 

11. |4x — 9| = 14 12. |9y — 2| = 17 

15. 574 = 283 + |¢| 16. —562 = —2000 + |x| 
19. |3x| — 4 = 17 20. |6x| + 8 = 32 

23. mt =5 24, aa 7 

27. 10 — |2x - 1|=4 28. 2|2x — 7| + 11 = 25 
31. [2 + 3x] =2 32. |f — 4x| = 2 


34.1 - |jx + 8| =? 


36. |x - 1] =x-1 
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(a) The Distance Formula 


Suppose that two points are on a horizontal line, and thus have the same 
second coordinate. We can find the distance between them by subtracting 
their first coordinates. This difference may be negative, depending on the or- 
der in which we subtract. So, to make sure we get a positive number, we take 
the absolute value of this difference. The distance between two points ona 
horizontal line (xj, y,) and (x2, y;) is thus |x2 — x|. Similarly, the distance 
between two points on a vertical line (x2, y;) and (x2, y2) is |y2 — yy]. 


VA 
(Xp, Yo) 
The distance between 
(4, yy) and (Xz, y;) = |x — %4| 4 
A ly2- nil 
| | 
T T 
(x, yd (%, yD 
(x,y) * \- 4 (Xz) V1) 
|X) — x 
> 
x 


Now consider any two points (x1, y,) and (x2, y2). Ifx, # x2 andy, # yo, 
these points are vertices of a right triangle, as shown. The other vertex is then 
(x2, y,). The lengths of the legs are |x2 — x,| and |y2 — y,|. We find d, the 
length of the hypotenuse, by using the Pythagorean equation: 


d? = |xp — x)|? + |y2 — yi? 


Since the square of a number is the same as the square of its opposite, we 
don't need these absolute-value signs. Thus, 


d? = (x2 — x1)* + (yo — yi). 


Taking the principal square root, we obtain the formula for the distance 
between two points. 


THE DISTANCE FORMULA 


The distance between any two points (x1, y,) and (X92, y2) is given by 


d= V (x2 — x)? + (v2 - ni). 


This formula holds even when the two points are on a vertical line or a 
horizontal line. 


_ EXAMPLE 1 Find the distance between (4, —3) and (—5, 4). Give an exact 
answer and an approximation to three decimal places. 


We substitute into the distance formula: 
d= V(-5 — 4)? +[4-(-3)2 — Substituting 
= V(-9)? + 7 


= V 130 © 11.402. Using a calculator 


V 130 ~ 11.402 


Do Exercises 1 and 2. 
‘b) Midpoints of Segments 


The distance formula can be used to derive a formula for finding the mid- 
point of a segment when the coordinates of the endpoints are known. 


THE MIDPOINT FORMULA 


If the endpoints of a segment are (x1, y,) and (X92, y2), then the 
coordinates of the midpoint are 


(= + x2 yt v2) y 


2 °’ 2 
(To locate the midpoint, determine M(H +% Yt 
the average of the x-coordinates o ( a: 


and the average of the 
y-coordinates.) | x 


_ EXAMPLE 2 Find the midpoint of the segment with endpoints (—2, 3) 
and (4, —6). 
Using the midpoint formula, we obtain 


, » OF [5,37]. oF (LZ). . 
2 2 2 2 2 D 


(Do Exercises 3 and 4. 


Find the distance between each 
pair of points. Where appropriate, 
give an approximation to three 
decimal places. 


1. (2, 6) and (—4, —2) 


2. (—2, 1) and (4, 2) 


Find the midpoint of the segment 
with the given endpoints. 


S (=8, 1) arnal (G, =7) 


4. (10, —7) and (8, —3) 


Answers 


1.10 2. V37 = 6.083 3. (3 -3) 
4. (9, -5) 


Appendix! The Distance Formula and Midpoints 1215 


For Extra Help 


Mathi xy 


PRACTICE 


READ 


WATCH 


DOW 


NLOAD 


REVIEW 


(a) Find the distance between each pair of points. Where appropriate, give an approximation to three decimal places. 


1. (6, —4) and (2, —7) 2. (1, 2) and (—4, 14) 3. (0, —4) and (5, —6) 

4. (8, 3) and (8, —3) 5. (9, 9) and (-9, -9) 6. (2, 22) and (~8, 1) 

7. (2.8, -3.5) and (—4.3, -3.5) 8. (6.1, 2) and (5.6, —4.4) 9. @ x) and (+, i) 
10. (0, V7) and (V6, 0) 11. ( 5,2) and ( 5, >) 12, ( 6,5) and ( 3,5) 
13. (—23, 10) and (56, 17) 14, (34, —18) and (—46, —38) 15. (a, b) and (0, 0) 
16. (0, 0) and (p, q) 17. (-2 14) and (0, 14) 18. (0,7) and (0, —7) 
19. (V2, — V3) and (—V7, V5) 20. (V8, V3) and (—V5, — V6) 21. (1000, —240) and (—2000, 580) 


22. (—3000, 560) and (—430, —640) 
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b) Find the midpoint of the segment with the given endpoints. 


23. (—1, 9) and (4, —2) 24. (5, 10) and (2, —4) 25. (3, 5) and (—3, 6) 
26. (7, —3) and (4, 11) 27. (—10, —13) and (8, —4) 28. (6, —2) and (—5, 12) 
1 3 15 
29. (—3.4, 8.1) and (2.9, —8.7) 30. (4.1, 6.9) and (5.2, —6.9) 31. (=. >) and ( 3° 4) 
32. ( : = and (3 =) 33. (V2, -1) and (V3, 4) 34. (9, 2V3) and (—4, 5V3) 
5’ 3 8’ 4 , Mi ¥ ’ 
35. (0, 8) and (—8, —8) 36. (—3, 0) and (3, —6) 
Synthesis 
Find the distance between the given points. 
37. (—1, 3k) and (6, 2k) 38. (a, b) and (—a, —b) 
39. (6m, —7n) and (—2m, n) 40. (-3-V3,1 - V6) and (v3, 1& V6) 


If the sides of a triangle have lengths a, b, and c and a” + b* = c?, then the triangle is a right triangle. Determine whether the 
given points are vertices of a right triangle. 


Al. (—8, —5), (6, 1), and (—4, 5) 42. (9,6), (—1, 2), and (1, —3) 
43. Find the midpoint of the segment with the endpoints 44, Find the point on the y-axis that is equidistant from 
(2 — V3, 5V2) and (2 + V3, 3-2), (2, 10) and (6, 2). 
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(a) Square Roots and 
Square-Root Functions 
When we raise a number to the second power, we say that we have squared 


the number. Sometimes we may need to find the number that was squared. 
We call this process finding a square root of a number. 


SQUARE ROOT 


The number cis a square root of aif c* = a. 


For example: 


5 is a square root of 25 because 5? = 5 - 5 = 25; 
—5 is a square root of 25 because (—5)* = (—5)(—5) = 25. 


The number —4 does not have a real-number square root because there 
is no real number c such that c2 = —4. 


PROPERTIES OF SQUARE ROOTS 


Every positive real number has two real-number square roots. 


OO SONCIONCIO 


The number 0 has just one square root, 0 itself. 
Negative numbers do not have real-number square roots. 


Find the square roots. 
lp §) 


|! EXAMPLE 1 Find the two square roots of 64. 
The square roots of 64 are 8 and —8 because 8* = 64 and (—8)* = 64. 
2230 


ay 12 Do Exercises 1-3. J 
PRINCIPAL SQUARE ROOT 


The principal square root of a nonnegative number is its nonnegative 


square root. The symbol V4 represents the principal square root of a. 
To name the negative square root of a, we can write — Va. 


Simplify. 
4. V1 5. V36 
| EXAMPLES Simplify. 


6. . aa 7. V0.0064 
2,25 =5 Remember: V indicates the principal 
(nonnegative) square root. 


Answers 3. —V25 = —5 
143,-3 26-6 311,11 re a rer (2) 83°81 
41 5.6 6 7.0.08 “V64 8 8 8 8 64° 
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. V0.0049 = 0.07 because (0.07)* = (0.07) (0.07) = 0.0049. 

. —V0.000001 = —0.001 

. V0=0 

V=25 Does not exist as a real number. Negative numbers do not 
have real-number square roots. 


ON 


Do Exercises 4-13. (Exercises 4-7 are on the preceding page.) 


RADICAL; RADICAL EXPRESSION; 
RADICAND 


The symbol V _ is called a radical. 
An expression written with a radical is called a radical expression. 
The expression written under the radical is called the radicand. 


These are radical expressions: 
V5, Va, —-V5x, Vy2+7. 


The radicands in these expressions are 5, a, 5x, and y* + 7, respectively. 


EXAMPLE 9 Identify the radicand in x Vx? — 9. 
The radicand is the expression under the radical, x? — 9. 


Do Exercises 14 and 15. 
(b) Finding Va? 


In the expression Va?, the radicand is a perfect square. It is tempting to 
think that V a“ = a, but we see below that this is not the case. 


Suppose a = 5. Then we have V/52, which is V25, or 5. 
Suppose a = —5. Then we have V (—5)?, which is 25, or 5. 
Suppose a = 0. Then we have V/02, which is V0, or 0. 


The symbol Va? never represents a negative number. It represents the 
principal square root of a2. Note the following. 


SIMPLIFYING Va2 

a=0—>Va?=a 

If ais positive or 0, the principal square root of a? is a. 

a < 0—> Va2 =-a 

If ais negative, the principal square root of a? is the opposite of a. 


In all cases, the radical expression represents the absolute value of a. 


PRINCIPAL SQUARE ROOT OF a” 


For any real number a, Va? = |a|. The principal (nonnegative) square 
root of a? is the absolute value of a. 


Find each of the following. 
8. a) V16 9. a) V49 
b) -V16 b) —V49 
c) V—-16 c) V-49 
25 /16 
10. 64 11. con 
1745 = WAN} {631 13. V 1.44 
Identify the radicand. 
14. 5V28 + x 


i 
15. 
5 yt+3 


Answers 


8. (a) 4; (b) —4; (c) does not exist as a real 
number 9. (a) 7; (b) —7; (c) does not exist as 
5 


arealnumber 10. a 11. : 12, -0.9 


13. 1.2 14.28+x 15. 


yrs 
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Find each of the following. Assume 
that letters can represent any real 


17. V(-24)2 
19. V 16y2 


number. 


16. Vy? 
18. V (5y)? 
20. V(x + 7)2 


21. V4(x — 2)? 
22. V49(y + 5)? 
23. Vx? — 6x +9 


Answers 
16. |y| 17. 24 


18. 5ly| 19. 4ly| 


20. |x +7| 21. 2\x-—2| 22. 7\y +5] 


23. |x — 3] 
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The absolute value is used to ensure that the principal square root is 
nonnegative, which is as it is defined. 


EXAMPLES Find each of the following. Assume that letters can represent 
any real number. 


10. V/(—16)* = |—16|, or 16 
11. V (3b)? = [3b] = [3] - |b] = 3]D| 


|3b| can be simplified to 3|b| because the absolute value of any product is the 


product of the absolute values. That is, |a - b| = |al - |b]. 
12, V(x — 1) = |x- 1 Caution! 


ar ; | 2 
13. Vx2 + 8x + 16 = V(x + 4) |x + 4| is not the 


= |x + 4| < same as |x| + 4. 


Do Exercises 16-23. 


c) Cube Roots 


CUBE ROOT 


The number c is the cube root of a, written W/a, if the third power of c 
is a—that is, if c3 = a, thenW/a = c. 


For example: 


2 is the cube root of 8 because 2° = 2-2-2 = 8; 
—4 is the cube root of —64 because (—4)? = (—4)(—4)(—4) = —64. 


We talk about the cube root of a number rather than a cube root because of 
the following. 


Every real number has exactly one cube root in the system of real 
numbers. The symbol Wa represents the cube root of a. 


EXAMPLES Find each of the following. 


14. \/8 = 2 because 23 = 8. 15. W/—27 = -3 
216 6 3 
16. 3/—-—— = -— 17. \/0.001 = 0.1 
5 125 5 
18. Wx3 = x 19. W/—-8 = -2 
20. W/o = 0 21. W/—8y3 = W/(-2y)3 = —2y 


When we are determining a cube root, no absolute-value signs are 
needed because a real number has just one cube root. The real-number cube 
root of a positive number is positive. The real-number cube root of a nega- 
tive number is negative. The cube root of 0 is 0. That is, Was = a whether 
a>0,a< 0,ora = 0. 


| Do Exercises 24-27. 


d) Odd and Even kth Roots 


In the expression Wa, we call k the index and assume k = 2. 


Odd Roots 


The 5th root of anumber a is the number c for which c° = a. There are also 
7th roots, 9th roots, and so on. Whenever the number kin Wis an odd 
number, we say that we are taking an odd root. 

Every number has just one real-number odd root. For example, WE = 2, 
W-8 = —2, and \/0 = 0. If the number is positive, then the root is positive. If 
the number is negative, then the root is negative. If the number is 0, then the 
root is 0. Absolute-value signs are not needed when we are finding odd roots. 


If k is an odd natural number, then for any real number a, 


NY, ak =4. 


EXAMPLES Find each of the following. 


22, V/32 =2 23. W/-32 = -2 
24, —W/32 = -2 25. —W/-32 = —(-2) = 2 
26. Wx’ =x 27. W128 = 2 


28. W/-128 = -2 29. V/0 = 0 
30. Wa =a $1. VG@- 19 =2~-1 


Do Exercises 28-34. 


Even Roots 


When the index kin YW is an even number, we say that we are taking an 
even root. When the index is 2, we do not write it. Every positive real number 
has two real-number kth roots when k is even. One of those roots is positive 
and one is negative. Negative real numbers do not have real-number kth roots 
when k is even. When we are finding even kth roots, absolute-value signs are 
sometimes necessary, as we have seen with square roots. For example, 


Vé4=8, W64=2, —-W64=-2, W64x6 = W/(2x)6 = |2x| = 2|x1. 


Note that in ¥/64x®, we need absolute-value signs because a variable is 
involved. 


Appendix J Higher Roots, and Rational Numbers as Exponents 


Find each of the following. 


24. \/—64 25. W/27y3 

P 5 3/343 
26. 8(x ar 2) Ze 64 
Find each of the following. 
28. \/243 29. \/—243 
30. W/x5 31. Vy? 
32. V/0 33. \/—32x5 


34, V/ (3x + 2)" 


Answers 

24.-4 25. 3y 26. 2(x+2) 27. - 
28.3 29.-3 30.x 31. y 32.0 
33. -2x 34. 3x +2 
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Find each of the following. Assume 
that letters can represent any real 
number. 


35. V81 36. —V81 
37. \ ll 38. W/0 


39. VW16(x-— 2)4 40. W/x® 
Al. W(x + 3)8 42, V/(x + 3)’ 
43. W/243x° 


Rewrite without rational exponents, 
and simplify, if possible. 


44, yi/4 45. (3a)!/2 
46. 16/4 47. (125)'/3 


48. (a3b2c)1/5 


Answers 

35. 3 36. —3 37. Does not exist as a real 
number 38.0 39. 2|x—2| 40. |x| 
41. |x +3) 42.x4+3 43. 3x 

44. Wy 45. V3a 46.2 47.5 


48. Vasb2c 
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EXAMPLES Find each of the following. Assume that variables can repre- 
sent any real number. 


32. VW 16 = 2 
33. —VW16 = —2 
34. W-16 Does not exist as a real number. 


35. 1 81a? = V Gx) = (Bx) = Six 
36. W/(y + 7)§ = |y + 7| 
37. V8ly? = V(9y)? = |9y| = ly 


The following is a summary of how absolute value is used when we are 
taking even roots or odd roots. 


SIMPLIFYING 


For any real number a: 
Kk : 
a) Wa* = |a| when kis an even natural number. We use absolute value 
when k is even unless a is nonnegative. 


b) Wa* = awhen kis an odd natural number greater than 1. We do 
not use absolute value when k is odd. 


Do Exercises 35-43. 


e) Rational Exponents 


Expressions like a!/2, 5~!/4, and (2y)4/> have not yet been defined. We will de- 
fine such expressions so that the general properties of exponents hold. 

Consider a!/? - a!/2. If we want to multiply by adding exponents, it must 
follow that a'/2 - a¥/2 = q'/2+1/2, or a!. Thus we should define a!/2 to be a 
square root of a. Similarly, a!/3 - a¥/3 . a¥/3 = q¥/3+/3+1/3, or a}, so al/3 
should be defined to mean Wa. 


For any nonnegative real number a and any natural number index n 
(n # 1), 


a/” means Wa (the nonnegative nth root of a). 


Whenever we use rational exponents, we assume that the bases are 
nonnegative. 


EXAMPLES Rewrite without rational exponents, and simplify, if possible. 
58, 27° = V/27 = 3 

39. (abc)'/5 = W/abe 

40. x1/2 = Vx — Anindex of 2 is not written. 


Do Exercises 44-48. | 


i 


EXAMPLES Rewrite with rational exponents. 


We need parentheses around 
41. W7xy = (7xy)¥/5 | the radicand here. 


ee ee eau 
9 9 


42. 8W xy = 8(xy)!/8 


| Do Exercises 49-52. 


How should we define a2/3? If the general properties of exponents are 
to hold, we have a2/3 = (a1/3)2, or (a2), or (Wa)?, or Va2. We define this 
accordingly. 


For any natural numbers m and n (n # 1) and any nonnegative real 
number a, 


a7" means Wa", or (Wa). 
EXAMPLES Rewrite without rational exponents, and simplify, if possible. 
44, (27)2/3 = W272 45, 43/2 = W/43 
= (W27)? (v4)? 
=32 = 23 
=9 = 8 


Do Exercises 53-55. 


EXAMPLES Rewrite with rational exponents. 
The index becomes the denominator of the rational exponent. 


| y | 


47. (W7xy)> = (7xy)°/4 t 
| Do Exercises 56 and 57. 


46. V/94 = 94/3 


(f) Negative Rational Exponents 


Negative rational exponents have a meaning similar to that of negative inte- 
ger exponents. 


For any rational number m/n and any positive real number a, 
—m/n 1 
a means : 
qm/n 


that is, a7”/" and a~”/" are reciprocals. 
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Rewrite with rational exponents. 


49. /19ab 50. 19 ab 
xy r 
51. 3 qe Sy, TW, 2ab 


Rewrite without rational exponents, 
and simplify, if possible. 
By Ee 54, 82/3 


55. 45/2 


Rewrite with rational exponents. 


56. (W7abc)* 57. V6" 


Answers 
49. (19ab)'/3_ 50. 19(ab)}/3 

x2y\ 1/5 : 
51. (=) 52. 7(2ab)/4 53. Wx3 


54.4 55.32 56. (7abc)4/> 57. 67/9 
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_ EXAMPLES Rewrite with positive exponents, and simplify, if possible. 


1 1 1 
48, 91/2 = = = 
gli/2 V9 83 
1 
49. (5xy)~4/5 = ——— 
(Sxy) (axyyil 
50. 64-2/3 = —_ = = _ u 
Rewrite with positive exponents, and 64?/ ( 64)? 4° 16 
simplify, if possible. l 4yl/5 
-2/3,)1/5 1/5 
58. 16-1/4 59. (3xy)-78 BL. 4 yO = 4 ag IO = aR 
-3/4 3/4 9-6/5 5/2 7s \5/2 —n n 
60. 81-3/ 61. 7p3/4q-6/ ee (=) _ (2) since ($) = (2) 
7S 3r b a 


iit 2/3 
62. (=) 
7n 


Do Exercises 58-62. 


(g) Laws of Exponents 


The same laws hold for rational-number exponents as for integer exponents. 
We list them for review. 


For any real number a and any rational exponents m and n: 


Lag? =a In multiplying, we can add exponents if the 
bases are the same. 


2. S =qinn In dividing, we can subtract exponents if the 
¥ bases are the same. 
3. (a™)" = am To raise a power to a power, we can multiply 
the exponents. 
4. (ab)™ = a™b™ To raise a product to a power, we can raise 


each factor to the power. 


Ql 
BS 
SES) 
ae, 

3 

lI 
oe) 
=] oS 


To raise a quotient to a power, we can raise 
both the numerator and the denominator to 
the power. 


Use the laws of exponents to 


simplify. 
63. 71/3 . 73/5 


57/6 


64. 55/6 


65. (93/5)2/3 


66. (pee oe 


Answers 
1 1 


_ EXAMPLES Use the laws of exponents to simplify. 


53. 31/5 . 33/5 = 31/5+3/5 — 34/5 Adding exponents 
54 ae ae ae als Ts Subtracting exponents 
. 7/2 71/4 a 4 
55. (7.22/3)3/4 = 7,22/33/4 = 7.28/12 = 7,.21/2 — Multiplying exponents 
56. (a-V/3p2/5)1/2 = q Y31/2 . p2/5-1/2 Raising a product to a power 
and multiplying exponents 
1/5 
= g-Wep/s = P / 
qi/é 


1 61. 7p Do Exercises 63-66. 


59. 
2 (3xy)8 


60. 
26 ges 


2/3 
62. (=) 63. 714/15 gq, 51/3 
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: For Extra Help 
wie §6Exercise Set MyMathiaby “x © 8. 


READ REVIEW. 


(a) Find the square roots. 


1. 16 2. 225 3. 144 4.9 5. 400 6. 81 
Simplify. 
4 1 
(= = 8. — = 9. V196 10. V441 
36 9 
11. V0.0036 12. V0.04 13. V—225 14. V—64 


Use a calculator to approximate to three decimal places. 


[2 A 
15. V347 16. —V 1839.2 17. ae 18. one 
74 19.7 
Identify the radicand. 
2S 
19. 9Vy? + 16 20. -3V/p? — 10 21. x4y5 a 22, ape, |" 


(b) Find each of the following. Assume that letters can represent any real number. 


23. V 16x 24, V25t7 25. V(—12c)2 26. V(—-9d)? 
27. V(p + 3)? 28. V(2 — x)? 29. Vx? — 4x +4 30. V9t? — 30 + 25 


31. 27 32. —W/64 33. VW —64x3 34, W/—125y3 
35. W—216 36. — V/—1000 37. W/0.343(x + 1)3 38. V/0.000008(y — 2)3 
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d ) Find each of the following. Assume that letters can represent any real number. 


39. —VW/ 625 40. —/ 256 a,425" ree oe 
243 32 
43, \/x® 44, V/y8 45. W/(5a)4 46. W/(7b)4 
47, NY(—6)10 48. N7(—10)!2_ 49. Va + b)4¥4 50. \(2a + b)1999 
51. Wy" 52. W(-6)3 53. W(x — 2)° 54. W/(2xy)? 


@ Rewrite without rational exponents, and simplify, if possible. 


55. yl/? 56. x1/6 57. 81/3 58. 16/2 59. (a3b3)"/5 
60. (x2y2)1/8 61. 16°/4 62. 47/2 63. 499/2 64, 274/3 
Rewrite with rational exponents. 
65. VI7 66. V'x3 67. V/18 68. \/23 69. W/xy2z 
70. W/x3y2z? 71. (V3mn)s 72..(°/ Tay)" 73. (W/8xy)5 74. (W2a°b)? 
( f Rewrite with positive exponents, and simplify, if possible. 
=3)9 3/4 -1/4 1 -3/4 
75. 100 76. 16 77. 3x 78. 79. (2rs) 
= 
(oe pe Dap’ 8 5 2. 
80. 5x~2/3y4/5z 81. (.) 82. (=) a3, 4 $4, —* 
8yz 3c 3c 1/2 5x7 1/3 
( G Use the laws of exponents to simplify. Write the answers with positive exponents. 
75/8 35/8 4.9-1/6 
RS..57 7 58 86. 11°/3 . 11/2 87. —— 88. 89. 
73/8 3-1/8 4.9-2/3 
2373/10 
90. = Te 91. (6°/8)2/7 92. (32/9)3/5 93. a2/3 . a5/4 94, x3/4 . 12/3 
2.37 
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(a) Inequalities and Interval Notation 


The graph of an inequality is a drawing that represents its solutions. An 
inequality in one variable can be graphed on the number line. 


| EXAMPLE1 Graphx < 4 on the number line. 


The solutions are all real numbers less than 4, so we shade all numbers 
less than 4 on the number line. To indicate that 4 is not a solution, we use a 
right parenthesis “)” at 4. 


-7 -6 -5 -4 -3 -2-1 0 1 2 3 4 5 6 7 


We can write the solution set for x < 4 using set-builder notation: 
{x|x < 4}. This is read “The set of all x such that x is less than 4.” 


Another way to write solutions of an inequality in one variable is to use 
interval notation. Interval notation uses parentheses ( ) and brackets [ ]. 

If a and b are real numbers such that a < b, we define the interval (a, b) 
as the set of all numbers between but not including a and b—that is, the set 
of all x for which a < x < b. Thus, (a, b) 


(a,b) = {x|la< x <b}. a b 


Do not confuse the interval 


The points a and b are the endpoints of the interval. The parentheses indicate 
that the endpoints are not included in the graph. (a, b), which denotes a point 
The interval [a,b] is defined as the set of all numbers x for which in the plane, as we saw in 
a = x < b.Thus, la, bl Chapter 9. The context in which 
———— 


_ the notation appears usually 
[4,b] = {xla = x = B}. “ makes the meaning clear. 


(a, b) with the ordered pair 


The brackets indicate that the endpoints are included in the graph. 
The following intervals include one endpoint and exclude the other: 


(a, b] 
a b 


(a, b] = {x|a <x <b}. The graph excludes a and includes b. 


la, b) 
————__}— 


a b 


[a,b) = {x|a =x <b}. The graph includes a and excludes b. 

Some intervals extend without bound in one or both directions. We use 
the symbols 9, read “infinity,” and —©o, read “negative infinity,” to name 
these intervals. The notation (a, ©) represents the set of all numbers greater 
than a—that is, 


(a,0o) = {x|x > a}. [a, b) 
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Write interval notation for the given 
set or graph. 


1. {x|-4 = x < 5} 
Zee 2) 
Bh (el es 9 = 2h 


4, 
}—}——} 
-40 -30 -20 -10 0 10 20 30 40 


5. 


—40 -30 -20 -10 0 10 20 30 40 


Answers 
1. [-4,5) 2. (-co,-2] 3. (2,6] 
4.[10,c0) 5. [-30, 30] 
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Similarly, the notation (—co, a) represents the set of all numbers less than 
a—that is, 


(=00,.a) = {x|x < al. (—», a) 


a 


The notations [ a, 00) and (—©%, a] are used when we want to include the 
endpoint a. The interval (—co, co) names the set of all real numbers. 


(—2, 0) = {x| xis a real number} 
<—<$—<$<— $< 


Interval notation is summarized in the following table. 


INTERVALS: NOTATION AND GRAPHS 


INTERVAL SET 
NOTATION NOTATION 


(a, b) {xla <x <b} 
[a, b] {x|a <x <b} 
[a, b) (ens = 1D) 
(a, b] {xa <x < b} 
(a, ©) {x|x > a} 
[a, 00) {x|x = a} 
(—, b) {x|x < b} 
(—, b] {x|x = b} 


(—00,00) | {x|x is areal number} 


Caution! 


Whenever the symbol co is included in interval notation, a right parenthesis 
“)” is used. Similarly, when — co is included, a left parenthesis “(” is used. 


i 
| 


_ EXAMPLES _ Write interval notation for the given set or graph. 
2. {x|-4 <x < 5} = (-4,5) 

3. {|x = —2} = [-2, 00) 

A i\7 See i =iyllea7 <7) = {7 

5 


6. <4 tH 
-6-5-4-3-2-1 012 3 45 6 
(—*,-1) 


Do Exercises 1-5. | 


Va N ° wee 
(b) Solving Inequalities 


We first solved inequalities in Section 8.7. Here we express the solution set in 
both set-builder notation and interval notation. 


| EXAMPLE 7 Solveand graph: x + 5 > 1. 
We have 
x+5>1 


Ke oS Le Using the addition principle: 
adding —5 or subtracting 5 


x > 4. Solve and graph. 
(hee ar @ 2 8) 
The solution set is {x|x > —4}, or (—4, 00). The graph is as follows: 
al ——— tt ttt 
—=1=§=8 1 M 1 2 8 4 G 
(—4, &) 
-7-6-5-4-3-2-1 012 3 4 567 b Coos or a SS of 
| Do Exercises 6 and 7. Ee ae 
' EXAMPLE 8 Solve and graph: 4x — 1 = 5x — 2. 
We have 
4x —125x-2 
4x-1+22=5x-2+2 Adding2 
4x + 1= 5x Simplifying 
AXP 1 = Ay = 5x — Ax Subtracting 4x 
12=x,orx=1. Simplifying 
The solution set is {x|x = 1}, or (—00, 1]. 
Pa! Ul Ng i | | | i 
-7-6-5 -4-3-2-1 01234 5 67 I 


| EXAMPLE 9 Solve: 16 — 7y = loy — 4. 
We have 


16 — 7y = l0y— 4 8. Solve and graph: 


16+ 16-7y=-16+ 1l0y—4 Adding —16 Oe Be 1 
—7y = 10y — 20 Collecting like terms ea tpethedpien forge fhe mie stress 
—10y + (-7y) = -l0y + 10y— 20 Adding —10y 5 -4-3-2-10 123 4 5 
—17y x —20 Collecting like terms BUSI Oe 
—lvy y —20 | Dividing by —17. The symbol 
=y 17 must be reversed. 
20 : Poe Answers 
v= a7" Simplifying 6. {x|x > 3}, or (3, 00); 
<4 +--+ +--+ + +> 
The solution set is {y|y = 79}, or (—00, 79]. ) 0 3 


7. {x|x = 3}, or (—00, 3]; 


| Do Exercises 8 and 9. eee 
8. {x|x < —2}, or (—00, —2]; 
ss > 


=e 


0 
5 5 
9. {lx > -3},or(-3.00) 
11 11 
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For Extra Help 


MyMathLab 


(a) Write interval notation for the given set or graph. 


1. {x|x < 5} 


4. {t|-10 < t< 10} 


7. 


-6-5-4-3-2-1 012 3 4 5 6 


14. 0.6x < 30 


ftp dy pus 
a ete me Cie ra ym ee ede er el ee 
—80 -60 -40 -20 0 20 40 60 80 


17.a-9= -31 


| | \ | | | \ | | 
t t T T t t T T 
—40 -30 -20 -10 0 10 20 30 40 


Solve. 
19. —9x = —-8.1 


23. 2x + 7< 19 


27.2y—-7<5y—9 
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20. —5y < 3.5 


24. 5y + 13 > 28 


2. {t|t = —5} 


5. {x|-4 > x > -8} 


8. 


—40 —30 —20 -10 


15. 0.3x < -18 


hit tb tot 
—80 -60 -40 -20 0 


a a 
20 40 60 80 


18. y— 9 > —18 


2 5 
21. —qr= 3 


25. 5y + 2y < -21 


28. 8x — 9 < 3x - 11 


voy HE GQ = 


PRACTICE 


WATCH DOWNLOAD 


READ 


3. {x|-3 =x < 3} 


6. {x|13 > x = 5} 


0 10 20 30 40 


REVIEW 


13,98 2 

a Sa Sy St a a 
-6-5-4-3-2-1 0123 45 
16. 8x = 24 

< > 


26. —9x + 3x = —24 
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(a) Solving Polynomial Inequalities 


Inequalities like the following are called quadratic inequalities: 
x°4+3x-10<0, 5x°-3x4+22 0. 


In each case, we have a polynomial of degree 2 on the left. 
We will first consider solving a quadratic inequality, such as 


ax” + bx +c> 0, 


by considering the graph of a related equation, y = ax* + bx + c. 


|! EXAMPLE1 Solve: x2 + 3x — 10> 0. 


Consider the equation y = x2 + 3x — 10 and its graph. The graph 
opens up since the leading coefficient (a = 1) is positive. We find the 
x-intercepts by setting the polynomial equal to 0 and solving: 


x2 + 3x-10=0 

(x + 5)(x — 2) =0 
x+5=0 or x-2=0 
x=-5 or x= 2. 


x-values: x-values: 
{x|x< —5}, or (—~, —5) {x|x > 2}, or (2, %) 
give give 
positive positive 
y-values. y-values. 


Values of y will be positive to the left and right of the intercepts, as shown. 
Thus the solution set of the inequality is 


{xx < =Serx > 2}, or (—c,=5) U2; 0), j 


| Do Exercise 1. 


We can solve any inequality by considering the graph of a related equa- 
tion and finding x-intercepts, as in Example 1. In some cases, we may need to 
use the quadratic formula to find the intercepts. 


1. Solve by graphing: 
fe Sea ey), 


y 


Answer 
1. {xlx < -3 orx > 1}, or (—00, —3) U (1, &) 
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Solve by graphing. 
2.x2 + 2x-3<0 


Answers 


2. {x|-3 < x < 1}, or (-3, 1) 
3. {x|-3 < x = 1}, or[-3,1 
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EXAMPLE 2 Solve: x2 + 3x — 10 < 0. 


Looking again at the graph of y = x* + 3x — 10 orat least visualizing it 
tells us that y-values are negative for those x-values between —5 and 2. 


y=x"+3x-10 


4 6 8 10 12 x 


Negative y-values 


x-values: 
{x|-5 < x < 2}, or (—5, 2) 
give 
negative 
y-values. 


The solution set is {x|—5 < x < 2}, or (—5, 2). 


When an inequality contains = or =, the x-values of the x-intercepts 
must be included. Thus the solution set of the inequality x? + 3x — 10 = 0 
is {x|-5 = x = 2}, or [—5, 2]. 


Do Exercises 2 and 3. 


In Examples 1 and 2, we see that the x-intercepts divide the number line 
into intervals. Ifa particular equation has a positive output for one number 
in an interval, it will be positive for all the numbers in the interval. The same 
is true for negative outputs. Thus we can merely make a test substitution in 
each interval to solve the inequality. This is very similar to our method of 
using test points to graph a linear inequality in a plane. 


EXAMPLE 3 Solve: x2 + 3x — 10 < 0. 


We set the polynomial equal to 0 and solve. The solutions of x? + 3x — 
10 = 0, or (x + 5) (x — 2) = 0, are —5 and 2. We locate the solutions on the 
number line as follows. Note that the numbers divide the number line into 
three intervals, which we will call A, B, and C. 


A B Cc 
A A A 


a) 2 


We choose a test number in interval A, say —7, and substitute —7 for x in 
y= x* + 3x — 10: 


y = (-7)? + 3(-7) — 10 = 49 — 21 —- 10 = 18. 


Note that 18 > 0, so the y-values will be positive for any number in interval A. 
Next, we try a test number in interval B, say 1, and find the corresponding 
y-value: 


y= +3(1)-10=1+3-10=-6. 


Note that —6 < 0, so the y-values will be negative for any number in interval B. 


Next, we try a test number in interval C, say 4, and find the corresponding 
y-value: 


y = 47 + 3(4) — 10 
= 16+ 12-10= 18. 


Note that 18 > 0, so the y-values will be positive for any number in interval C. 


A B C 

a \r a \r ‘a 

+ = ) + 
=5 2 


We are looking for numbers x for which x? + 3x — 10 < 0. Thus any 


number x in interval B is a solution. The solution set is {x|—5 < x < 2}, or the Solve using the method of 
interval (—5, 2). If the inequality had been <, it would have been necessary to Example 3. 
include the endpoints —5 and 2 in the solution set as well. I Ake on a 

(Do Exercises 4 and 5. 5.x2+3x<4 


EXAMPLE 4 Solve: 5x(x + 3) (x — 2) = 0. 


The solutions of 5x(x + 3) (x — 2) = 0, are 0, —3, and 2. They divide the 
real-number line into four intervals, as shown below. 


> 
ow 
(ap) 
aie, 


We try test numbers in each interval: 


A: Test—5, y= 5(-5)(-5 + 3)(-5 — 2) = -350 < 0. 


B: Test —2, y = 5(-2) (—2 + 3)(-2 — 2) = 40 > 0. 
C: Test 1, y = 5(1) (1 + 3)(1 — 2) = —20 < 0. 
D: Test 3, y = 5(3) (3 + 3)(3 — 2) = 90 > 0. 
A B Cc D 
-— -3 - +t - 


The expression is positive for values of x in intervals B and D. Since the 
inequality symbol is =, we need to include the x-intercepts. The solution set 
of the inequality is 


{x|-3 = x <= O0orx= 2}, or [-3,0]U[2, 00). } 


Do Exercise 6. @ Soles Gyd(ee te 1) (Gs = il) < ©, 


(b) Graphing Quadratic Inequalities 


Graphing quadratic inequalities involves the same procedure as graphing 

quadratic equations, but the graph will also include the interior region en- 

closed by the parabola or the exterior region outside the parabola. 
Answers 
4. {x|x < —4orx > 1}, or (—~%, —4) U(1, &) 
5. {x|-4 = x = 1}, or[-4,1] 


6. {xlx < -lor0 <x <1}, or 
(—09, -1) U (0, 1) 
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) EXAMPLE 5. Graph: y = x? + 2x - 3. 


We first replace the inequality symbol with an equals sign and graph the 
equation: 


y=x* + 2x - 3. 
The x-coordinate of the vertex is 


b 2 
2a aed 


1. 


We substitute —1 for x in the equation to find the second coordinate of the 
vertex: 


y=x*+ 2x -3 = (-1)? + 2(-1) -3=1-2-3=-4, 


The vertex is (—1,—4). The line of symmetry is x = —1. We choose some 
x-values on both sides of the vertex and graph the parabola. 


Forx=0, y=x2+2x-3=074+2-0-3=-3. 
24+ 2x — 3 = (—2)? + 2(-2) -3 = -3. 
Forx=1, y=x*+2x-3=2P4+2-1-3=0. 
2 


Forx = -2, y=x 


Forx = —3, y=x*+ 2x — 3 = (-3)? + 2(-3) -3=0. 


7. Graph: y = x? — 2x — 3. 


The inequality symbol is =, so we draw the curve solid. 
To determine which region to shade, we choose a point not on the curve 
as a test point. The origin (0, 0) is usually an easy one to use. 
ysxr+2x-3 
0) P+2°o=3 
0+0-3 
—3 FALSE 


We see that (0, 0) is not a solution, so 
we shade the exterior region. Had the 
substitution given us a true inequality, 
we would have shaded the interior. 


Do Exercises 7 and 8. 
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For Extra Help — 


as ~=6EXercise Set MyMathLab |) 2%" a 


REVIEW 


(a) Solve algebraically and verify results from the graph. 


1. (x — 6)(x + 2) >0 2. (x -—5)(x+ 1) >0 3.4-x22=0 4.9-x*%=<0 
y y YN y 
4 8+ 4 8 
a a a A at 2 6+ 
—-4t ar a at! 
+ t oa oa i a a a ttt ttt 4 
als, -2 4 2 4 6 x -4 a 4 x iL 
it —4+ -27 2+ 
-vt + J a 
al st “4 + 
~ie+ + 4 -4 -2 t 2 4 * 
Solve. 
5. 3(x + 1)(x — 4) = 0 6. (x — 7) (x + 3) <0 7x2 —x-2<0 
62° +252 <0 8.622 lS 0 10.29 + 6h £9 <0 
11. x2 + 8 < 6x 12. x2 — 12 > 4x 13. 3x(x + 2)(x — 2) <0 
14. 5x(x + 1)(x - 1) >0 15. (x + 9) (x — 4) (x + 1) >0 16. (x — 1)(x + 8)(x — 2) <0 
17. (x + 3)(x + 2)(x- 1) <0 18. (x — 2)(x — 3)(x+ 1) <0 
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(b) Graph. 
19. y < 3x? 2.9 > =x" 21.y<4- x? 22. = 2 = 37 
y= 3x -y x -y x ys x 
VA YA ah YA 
5 5 . 5 
4 4 i 4 
3 3 3 
2 2 : 2 
1 1 1 
~5-4-3-2-1)| 123.45 x ~5-4-3-2-1,| 123.45 x oe ke ct 2 eee cece eg ~5-4-3-2-1,| 1.2.3.4 5 % 
+2 +2 c +2 
+3 -3. a +3 
+4 -4 a -4 
=5 =5. Fr +5 
23, ¥ =" = 1 24, y< ——x* +2 25, y > #2 + 4x-1 26. y= x? = 26-3 
y YA 
VA Yh : 
5 
5 ; 4 4 
4 3 3 3 
3 2 2 
2 - 1 t 
: 5-4-3-2-1,, 12345. % 
~5747372- L x -5-4-3-2-1,| 12345 x 
—5-4-3-2- 1 1 
“§-4-3-2-1,, 1.23.45 a §-4-3-2-1)/.1.2.3.4.5 5% - 1 
+2. £2 
+2 L3 =3 13 
+3 7 +4 +4 
=4 te =5 “5 
£5. Tr 
27.y=xu24+ 2x41 28.y>x*+x-6 29.y<5-—x- x? 30. y= —x2 + 2x +3 
YA YA y VR 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > > 
-§-4-3-2-1,| 12345 Xx —5-4-3-2-1,| 12345  % -5-4-3-2-1,| 12345 % ~5-4-3-2-1,| 123.4 5 % 
+2 +2 +2 +2 
+3 =3 =3 -3 
-4 +4 -4 +4 
+5 -5 =5 =5 
31. y < -x* - 2x +3 32. y < -2x* — 4x4+1 33. y > 2x2 + 4x -1 34.y = x*+2x-5 
y YA VA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
~5-4-3-2-1,| 12345 % -5-4-3-2-1,| 12345 % -§-4-3-2-1,| 12345 x —§-4-3-2-1,| 12345 x 
i2 ) +2 =2 
+3 23 13 +3: 
74 4 +4 -4 
5 5 +5 5 
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In Section 9.7, we studied the graphing of inequalities in two variables. Here 
we study systems of linear inequalities. 


(a) Systems of Linear Inequalities 


The following is an example of a system of two linear inequalities in two 
variables: 


x+ys4, 

x-y<4. 
A solution of a system of linear inequalities is an ordered pair that is a 
solution of both inequalities. We now graph solutions of systems of linear 
inequalities. To do so, we graph each inequality and determine where the 


graphs overlap, or intersect. That will be a region in which the ordered pairs 
are solutions of both inequalities. 


EXAMPLE 1 Graph the solutions of the system 
x+ys4, 
x-y<A4. 
We graph x + y = 4 by first graphing the equation x + y = 4 using a 
solid red line. We consider (0, 0) as a test point and find that it is a solution, 
so we shade all points on that side of the line using red shading. (See the 


graph on the left below.) The arrows near the ends of the line also indicate the 
half-plane, or region, that contains the solutions. 


Next, we graph x — y < 4. We begin by graphing the equation x — y = 4 
using a dashed blue line and consider (0, 0) as a test point. Again, (0,0) isa 
solution so we shade that side of the line using blue shading. (See the graph 
on the right above.) 
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The solution set of the system is the region that is shaded both red and 
blue and part of the line x + y = 4. (See the graph below.) 


Do Exercise 1. 


| EXAMPLE 2 Graph: -2<x<=5. 
This is actually a system of inequalities: 


—2<x, 
aS 5, 


We graph the equation —2 = x and see that the graph of the first inequality is 
the half-plane to the right of the line —2 = x. (See the graph on the left below.) 

Next, we graph the second inequality, starting with the line x = 5, and 
find that its graph is the line and also the half-plane to the left of it. (See the 
graph on the right below.) 


2. Graph: -3 =y < 4. 


y 


We shade the intersection of these graphs. 


Answers 
1. 


Do Exercise 2. 
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A system of inequalities may have a graph that consists of a polygon and 
its interior. In linear programming, which is a topic rich in application that 
you may study in a later course, it is important to be able to find the vertices 
of such a polygon. 


EXAMPLE 3. Graph the following system of inequalities. Find the coordi- 
nates of any vertices formed. 
6x—2y=12, (I) 
y—3=0, (2) 
x+y20 (3) 


We graph the lines 6x — 2y = 12,y — 3 = 0, and x + y = 0 using solid 
lines. The regions for each inequality are indicated by the arrows at the ends 
of the lines. We then note where the regions overlap and shade the region of 
solutions using one color. 


To find the vertices, we solve three different systems of equations. The 
system of equations from inequalities (1) and (2) is 


6x—-2y=12, (1) 


y-3=0. (2) 

3. Graph the system of inequalities. 
Find the coordinates of any 
vertices formed. 


Solving, we obtain the vertex (3, 3). 
The system of equations from inequalities (1) and (3) is 


6x — 2y = 12, (1) ye ap (Oh? Ss si), 
x+y=0. (3) QSV7s s, 
CS%s4 


Solving, we obtain the vertex 3, 7 3), 
The system of equations from inequalities (2) and (3) is 


y-3=0, @) 
x+y=0. (3) 


Solving, we obtain the vertex (—3, 3). 


Do Exercise 3. 
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4. Graph the system of inequalities. 
Find the coordinates of any 
vertices formed. 


2x + 4y = 8, 
sear Vv = Sh 
Xe =105 
y=0 


42 / 
(0, 0% (3, 0) 


<4 
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EXAMPLE 4 Graph the following system of inequalities. Find the coordi- 
nates of any vertices formed. 
x+y 16, (1) 
3x + 6y = 60, (2) 
x = 0, (3) 
y=0 (4) 

We graph each inequality using solid lines. The regions for each inequality 


are indicated by the arrows at the ends of the lines. We then note where the 
regions overlap and shade the region of solutions using one color. 


To find the vertices, we solve four different systems of equations. The sys- 
tem of equations from inequalities (1) and (2) is 


xty=16, (J) 
3x + 6y = 60. (2) 


Solving, we obtain the vertex (12, 4). 
The system of equations from inequalities (1) and (4) is 


x+y=16, (1) 
y=0. (4) 


Solving, we obtain the vertex (16, 0). 
The system of equations from inequalities (3) and (4) is 


x= 0, (3) 
y=0. (4) 


The vertex is (0, 0). 
The system of equations from inequalities (2) and (3) is 


3x + 6y=60, (2) 
x=0. @) 


Solving, we obtain the vertex (0, 10). 


Do Exercise 4. | 


Exercise Set 


(a) Graph each system of inequalities. Find the coordinates of any vertices formed. 
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MyMathLab 


PRACTICE 
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may HB & - 4 
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ley =x) 2y=x, 3.y > x, 4y<Xx, 
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4 4 4 4 
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2 2 2 2 
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> > 
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+2 -2 +2 +2 
+3 -3 +3 +3 
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We say that when a coin is tossed, the chances that it will fall heads are 1 out 
of 2, or the probability that it will fall heads is 5. Of course, this does not mean 
that if a coin is tossed ten times, it will necessarily fall heads exactly five times. 
If the coin is tossed a great number of times, however, it will fall heads very 
nearly half of them. 


Experimental and Theoretical Probability 


If we toss a coin a great number of times, say 1000, and count the number of 
times it falls heads, we can determine the probability of it falling heads. If it 
falls heads 503 times, we would calculate the probability of the coin falling 
heads to be 


503 


1000’ or 0.503. 


This is an experimental determination of probability. Such a determination 
of probability is quite common. 

If we consider a coin and reason that it is just as likely to fall heads as 
tails, we would calculate the probability to be 5. This is a theoretical determi- 
nation of probability. Experimentally, we can determine probabilities within 
certain limits. These may or may not agree with what we obtain theoretically. 


(a) Computing Probabilities 


Experimental Probabilities 


We first consider experimental determination of probability. The basic prin- 
ciple we use in computing such probabilities is as follows. 


PRINCIPLE P (EXPERIMENTAL) 


An experiment is performed in which n observations are made. Ifa 
situation E, or event, occurs m times out of the n observations, then 
we say that the experimental probability of that event is given by 


P(E) = - 


EXAMPLE 1 Sociological 
Survey. An actual survey oor 
was conducted to determine 80F me 
the number of people who are 
left-handed, right-handed, or 
both. The results are shown in 
the graph. 


70b 
60+ 
50b 
4ob 
30b 
a) Determine the probability 20+ 


that a person is left-handed. 7 

b) Determine the probability that = 
a person is ambidextrous (uses 
both hands equally well). 


Number of occurrences 


--- 17 

_ ee iro Soe 1 
Right Left Both 

Hands used 


a) The number of people who are right-handed was 82, the number who are 
left-handed was 17, and there was 1 person who is ambidextrous. The total 
number of observations was 82 + 17 + 1, or 100. Thus the probability that 
a person is left-handed is P, where 


_ 
100° 
b) The probability that a person is ambidextrous is P, where 


pe” 
~ 100° 


Do Exercise 1. 


EXAMPLE 2 TV Ratings. The major television networks and others such 
as cable TV are always concerned about the percentages of homes that have 
TVs and are watching their programs. It is too costly and unmanageable to 
contact every home in the country so a sample, or portion, of the homes are 
contacted. This is done by an electronic device attached to the TVs of about 
1400 homes across the country. Viewing information is then fed into a com- 
puter. The following are the results of a recent survey. 


NETWORK CBS Other or not watching 


NUMBER OF 
HOMES WATCHING 258 


What is the probability that a home was tuned to CBS during the time period 
considered? to ABC? 


The probability that a home was tuned to CBS is P, where 


258 
= —— #& 0.184 = 18.4%. 
1400 a aoe 


The probability that a home was tuned to ABC is P, where 


231 
P 0.1 16.5%. 
1400 65 6.5% 


Do Exercise 2. 


The numbers that we found in Example 2 and in Margin Exercise 2 (18.4 
for CBS, 16.5 for ABC, and 14.7 for NBC) are called the ratings. 


1. In reference to Example 1, what 
is the probability that a person 
is right-handed? 


2. In Example 2, what is the 
probability that a home was 
tuned to NBC? What is the 
probability that a home was 
tuned to a network other than 
CBS, ABC, or NBC, or was not 


tuned in at all? 
Answers 
eH 14.7%; 50.4% 
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3. What is the probability of rolling 
a prime number on a die? 
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Theoretical Probabilities 


We need some terminology before we can continue. Suppose we perform an ex- 
periment such as flipping a coin, throwing a dart, drawing a card from a deck, or 
checking an item off an assembly line for quality. The results of an experiment 
are called outcomes. The set of all possible outcomes is called the sample space. 
An event is a set of outcomes, that is, the subset of the sample space. For exam- 
ple, for the experiment “throwing a dart,” suppose the dartboard is as follows. 


Then one event is 

{black}, (the outcome is “hitting black”) 
which is a subset of the sample space 

{black, white, gray}, (sample space) 


assuming that the dart must hit the target somewhere. 

We denote the probability that an event E occurs as P(E). For example, 
“getting a head” may be denoted by H. Then P(H) represents the probability 
of getting a head. When all the outcomes of an experiment have the same 
probability of occurring, we say that they are equally likely. A sample space 
that can be expressed as a union of equally likely events can allow us to 
calculate probabilities of other events. 


PRINCIPLE P (THEORETICAL) 


If an event E can occur m ways out of n possible equally likely outcomes 
of a sample space S, then the theoretical probability of that event is 
given by 


A die (pl., dice) is a cube, with six faces, each containing a number of dots 
from 1 to 6. 


EXAMPLE 3. What is the probability of rolling a 3 on a die? 


On a fair die, there are 6 equally likely outcomes and there is 1 way to get 
a3. By Principle P, P(3) = a 


EXAMPLE 4 What is the probability of rolling an even number on a die? 


The event is getting an even number. It can occur in 3 ways (getting 2, 
4, or 6). The number of equally likely outcomes is 6. By Principle P, 
P(even) = 2, or3. 


Do Exercise 3. 


We now use a number of examples related to a standard bridge deck of 
52 cards. Such a deck is made up as shown in the following figure. 


S Namaglartaiasalaiasaial Ga 
4 Naslagsartalaialasaiaiadk lk & 
Hearts | § WMV OV OY OYOYOWeWs 6 Y 
Diamonds Pa POO Mae ae deds 1s @ 
4K se 444 . 
4444444: 3 


EXAMPLE 5. What is the probability of drawing an ace from a well-shuffled 
deck of 52 cards? 

Since there are 52 outcomes (cards in the deck) and they are equally likely 
(from a well-shuffled deck) and there are 4 ways to obtain an ace, by Principle 
P we have 


: 4 ik 
P(drawing an ace) = 52’ or 3° 


EXAMPLE 6 Suppose we select, without looking, one marble from a bag 
containing 3 red marbles and 4 green marbles. What is the probability of 
selecting a red marble? 

There are 7 equally likely ways of selecting any marble, and since the 
number of ways of getting a red marble is 3, 


P(selecting ared marble) = =. 


| Do Exercises 4 and 5. 


If an event E cannot occur, then P(E) = 0. For example, in coin tossing, 
the event that a coin will land on its edge has probability 0. Ifan event F is cer- 
tain to occur (that is, every trial is a success), then P(E) = 1. For example, in 
coin tossing, the event that a coin will fall either heads or tails has probabil- 
ity 1. In general, the probability that an event E will occur is a number from 0 
tol: 0 = P(E) = 1. 


Do Exercises 6 and 7. 


4. 


a 


Pe] 


6. 0 


Suppose we draw a card from a 

well-shuffled deck of 52 cards. 

a) What is the probability of 
drawing a king? 

b) What is the probability of 
drawing a spade? 

c) What is the probability of 
drawing a black card? 

d) What is the probability of 
drawing a jack or a queen? 


. Suppose we select, without 


looking, one marble from a bag 
containing 5 red marbles and 

6 green marbles. What is the 
probability of selecting a green 
marble? 


On a single roll of a die, what is 
the probability of getting a 7? 


. On a single roll of a die, what is 


the probability of getting a 1, 2, 
3, 4, 5, or 62 


Answers 


1 1 1 2 6 
4. (a) 3 b) Fs (5; @) 5. 


13 ll 
71 
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1. In an actual survey, 100 people were polled to 
determine the probability of a person wearing either 
glasses or contact lenses. Of those polled, 57 wore either 
glasses or contacts. What is the probability that a person 
wears either glasses or contacts? What is the probability 
that a person wears neither? 


For Extra Help 


MyMathLab 


voi, TB 


PRACTICE WATCH DOWNLOAD 


READ REVIEW 


2. In another survey, 100 people were polled and asked to 
select a number from 1 to 5. The results are shown in the 
following table. 


4 
NUMBER CHOICES 1 2 3 4 5 


NUMBER OF 
PEOPLE WHO 
SELECTED THAT 
NUMBER 18 24 23 23 12 


What is the probability that the number selected is 1? 22 
3? 42 52 What general conclusion might a psychologist 
make from this experiment? 


Linguistics. An experiment was conducted to determine the relative occurrence of various letters of the English alphabet. 
A paragraph from a newspaper, one from a textbook, and one from a magazine were considered. In all, there was a total of 
1044 letters. The number of occurrences of each letter of the alphabet is listed in the following table. 


NUMBER OF OCCURRENCES 78 


NUMBER OF OCCURRENCES 


Round answers to Exercises 3-6 to three decimal places. 


3. What is the probability of the occurrence of the letter A? 
E? I? O2 U2 


5. What is the probability of a consonant occurring? 
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4. What is the probability of a vowel occurring? 


6. What letter has the least probability of occurring? What 
is the probability of this letter not occurring? 


Copyright © 2012 Pearson Education, Inc. 


Suppose we draw a card from a well-shuffled deck of 52 cards. 


7. How many equally likely outcomes are there? 


9. What is the probability of drawing a heart? 


11. What is the probability of drawing a red card? 


13. What is the probability of drawing an ace or a deuce? 


8. What is the probability of drawing a queen? 


10. What is the probability of drawing a 4? 


12. What is the probability of drawing a black card? 


14. What is the probability of drawing a 9 or a king? 


Suppose we select, without looking, one marble from a bag containing 4 red marbles and 10 green marbles. 


15. What is the probability of selecting a red marble? 


17. What is the probability of selecting a purple marble? 


Synthesis 


19. What is the probability of getting a total of 8 on a roll of 
a pair of dice? (Assume that the dice are different, say, 
one red and one black.) 


21. What is the probability of getting a total of 6 on a roll of 
a pair of dice? 


23. What is the probability of getting snake eyes (a total of 2) 
on a roll of a pair of dice? 


16. What is the probability of selecting a green marble? 


18. What is the probability of selecting a white marble? 


20. What is the probability of getting a total of 7 on a roll of 
a pair of dice? 


22. What is the probability of getting a total of 3 on a roll of 
a pair of dice? 


24. What is the probability of getting box-cars (a total of 12) 
on a roll of a pair of dice? 
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(a) ex 
b) aca 
C) Mult 
dd) wri 
e)r 
O 
a 


Express in terms of i. 


3. -iVII, or -VI1]i 


(a) Imaginary and Complex Numbers 


Negative numbers do not have square roots in the real-number system. How- 
ever, mathematicians have described a larger number system that contains 
the real-number system, such that negative numbers have square roots. That 
system is called the complex-number system. We begin by defining a number 
that is a square root of —1. We call this new number i. 


THE COMPLEX NUMBER i 


We define the number i to be V—1. That is, 


i= V-1 and i#=-1. 


To express roots of negative numbers in terms of i, we can use the fact 
that in the complex numbers, V—p = V-1- p = V-1 Vpwhen pisa posi- 
tive real number. 


EXAMPLES Express in terms of i. ie 
iis not under 
L. Va7 = VAT 7 = V1: V7 = V7, 8 V7 the radical. 
V-13 = -V-1-13 = -V-1- V13 = —-iv13, or —V13i 


2 
3. —V—-64 = -V-1- 64 = -V-1: V64 = -i: 8 = -8i 
4. V—48 = V—-1-48 = V—-1- V48 = iV48 = i-4V3 = 4V3i, or 4iV3 


Do Exercises 1-5. J 


IMAGINARY NUMBER 


An imaginary number is a number that can be named 


bi, 


where b is some real number and b # 0. 


To form the system of complex numbers, we take the imaginary num- 
bers and the real numbers and all possible sums of real and imaginary num- 
bers. These are complex numbers: 7 — 4i, —7 + 19i, 37, iV8. 


COMPLEX NUMBER 


A complex number is any number that can be named 


a+ bi, 


where a and D are any real numbers. (Note that either a or b or both 
can be 0.) 


Since 0 + bi = bi, every imaginary number is a complex number. Simi- 
larly, a + Oi = a, so every real number is a complex number. The relation- 
ships among various real and complex numbers are shown in the following 
diagram. 


Complex numbers that 
are real numbers: 
a+ bi,b=0 


Irrational numbers: 


3 
V2,7,-N7,... 


The complex numbers: 
a+ bi 


Complex numbers 
(imaginary) 
a+ biia—0,b+0: 


—3i, 21, 17% 
Complex numbers that OB esac ticial 


are not real numbers: 
a+ bi,b#0 


Complex numbers 
at bi,a#0,b#0: 
9 Bie 

5— 41,3—51,... 


(b) Addition and Subtraction 


The complex numbers follow the commutative and associative laws of 
addition. Thus we can add and subtract them as we do binomials with 
real-number coefficients, that is, we collect like terms. 


EXAMPLES Addor subtract. 
5. (8 + 6i) + (3 + 2i) = (8+ 3) + (6+ 2)i= 11 + Bi 
6. (3 + 2i) — (5 — 2i) = (3 — 5) + [2 - (-2)]i= -2 + 43 


ao 


Do Exercises 6-9. 


(Cc) Multiplication 


The complex numbers obey the commutative, associative, and distributive 
laws. But although the property VaVb = Vab does not hold for complex 
numbers in general, it does hold when a = —1 and bisa positive real number. 

To multiply square roots of negative real numbers, we first express them 
in terms of i. For example, 


V-2-V-5 = V-1-: V2- V1: V5 = iV2-iV5 
= 2/10 = —V10_ is correct! 


It is important to keep in mind 
some comparisons between 
numbers that have real-number 
roots and those that have 
complex-number roots that are 
not real. For example, V—48 is a 
complex number that is not a 
real number because we are tak- 
ing the square root of a negative 
number. But, V/ —125 is a real 
number because we are taking 
the cube root of a negative num- 
ber and any real number has a 
cube root that is a real number. 


Add or subtract. 
Gs (7 + 4p) + (8 = 7) 


Uo (=8 = Oi) se (7 ze 2) 


8. (8 + 3i) — (5 + Bi) 


eG 2) = (ar 


Caution! 


The rule VaVb = Vab holds only 


But Vv 2 . Vv 5 ~ Vv( 2)( 5) ~ V10 is wrong! S<—————SesS for nonnegative real numbers. 


Keeping this and the fact that i2 = —1 in mind, we multiply in much the same 
way that we do with real numbers. 


Answers 


615-3: 7%.-12+6i 83-57 
9,12 —7i 
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_ EXAMPLES Multiply. 


7. V—-49- V-16 = 


V-1: V49-V-1- VI16 


Multiply. 
10. V—25: V-4 


ly WHB o WHil7 
12. —6i - 7i 

13. —3i(4 — 3i) 
14. 5i(—5 + 7i) 


15. (1 + 3i)(1 + 5i) 


16. (3 — 2i)(1 + 43) 


17. (3 + 2i)? 


Simplify. 

is. i 19, 7° 

20. i8 21, 72° 
22.8 - i> 23.7 + 4/2 
24. 6i!! + 7714 25, i384 — 555 
Answers 


10. -10 11. -V34 = = 12. 42 
13. -9-—12% 14, -—35 — 251 
15. -14+8) 16.114 10% 17.5 + 12i 


18. -i 19.10 20:70 «21. —1 
22.8-i 23.3 24. -7 — Gi 
25..-1l +i 
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= i{°7:-i-4 
= i7(28) 
= (-1)(28)  #=-1 
= —28 
8 V—-3-V-7 = V-1: V3-V-1: V7 
=i-V3-i- V7 = 221) 
= (-1)V21 = -V21 
9. —2i-5i = -10- i* = (-10)(-1) = 10 
10. (—4i)(3 — 5i) = (—4i) - 3 — (—41)(5i) Using a distributive law 
= —12i + 20/2 = -12i + 20(-1) 
= —12i — 20 = -20 - 12i 


11. (1 + 2i)(1 + 34 = 1+ 31+ 21+ 67 Using FOIL 
=14+3i+2i+6(-1) #2=- 


i 
| 
oa 
+ 
- 


Collecting like terms 


Do Exercises 10-17. 


‘d) Powers of i 


We now want to simplify certain expressions involving powers of i. To do so, 
we first see how to simplify powers of i. Simplifying powers of i can be done 
by using the fact that i2 = —1 and expressing the given power of iin terms of 
even powers, and then in terms of powers of i”. Consider the following: 


2 = ab 

3 = 2-i= (-1)i= -i, 
=F ( ge 

> = = (<4 =(- TA xy i, 


6 = (= 1) = =1. 


Note that the powers of i cycle through the values i, —1, —i, and 1. 


EXAMPLES Simplify. In eemaane 16-18, simplify to the form a + bi. 


12, (37 = 786. =i i7)18 . j =(- 1)18- j =]-ji=i 
13. j28 = a ( ie 1 

14, i = = (i7)8? +i ras -i=-l-i=-i 
15, {80 = (ey ( 1)? = 

16. 8 =8-(-1)=8+1=9 


1% td igo eee =e 
18. i2 — 6772 = (i7)"" — 67(-1) = (-1)!! + 67 = -1 + 67 = 66 


Do Exercises 18-25. 


i 


(e) Conjugates 


and Division 


The conjugate of a complex number a + biis a — bi, and the 
conjugate of a — biisa + bi. 


EXAMPLES Find the conjugate. 


19. 5 + 7i The conj 
20. -3-—9i  Theconj 


ugate is 5 — 7i. 
ugate is —3 + 9. 


Find the conjugate. 


26. 6 + 3i 27. —9 — 5i 
21. 4i The conjugate is —4i. h 
We 
[Do Exercises 26-28. awe 
When we multiply a complex number by its conjugate, we get a real number. 
EXAMPLES Multiply. 
22. (5 + 7i)(5 — 7i) = 5? — (71)? Using (A + B)(A — B) = A2 — B? 
= 25 — 49/* = 25 — 49(-1) 
= 25 + 49 = 74 
23. (2 — 3i)(2 + 3i) = 22 — (31)? = 4 — 97? Multiply. 
=4-9(-1)=4+9=13 b 29, (7 — 2i)(7 + 21) 
| Do Exercises 29 and 30. a, (3 = A\(=3 se 2) 
We use conjugates when dividing complex numbers. 
rae : ‘ ; 3b 5 
EXAMPLE 24 Divide and simplify to the form a + bi: Lae 
i 
3+5i 4-31 (3 + 5i)(4 — 33) 
. = Multiplying by 1 
4+3i 4-31 (4+ 3i(4 — 3i) eee 
12 = 91 + 20% = 157 
42 = gf” 
12-4 407’ — 15-1) Divide and simplify to the form 
= = (te fay, 
16 — 9(-1) 6+ 2i 
ard Mai 27 , 1. oa 
25 25 25 j 
32 2 =e Syl 
| Do Exercises 31 and 32. “-14 4i 
Answers 


26,6— 3) 27, —O + 51 


28. 


ie 
en 


30.10 31.2% 32. ~-—i 
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29. 53 


(f) Solutions of Equations 


The equation x? — 2x + 2 = 0 has no real-number solution, but it has two 
nonreal complex solutions. 


' EXAMPLE 25 Determine whether 1 + i is a solution of the equation 
x? —-2x+2=0. 


We substitute 1 + ifor x in the equation. 
x? = 2x +2=0 
(1+ i* -2(1+ i) +220 
1+ 2i+ i#-2-2i+2 
1+ 2i-1-—-2-2i14+2 
(l-1-2+2)+(2-2)i 
0+ Oi 
0 TRUE 


The number 1 + iis asolution. j 


Any equation consisting of a polynomial in one variable on one side and 
0 on the other has complex-number solutions. (Some may be real.) It is not 
always easy to find the solutions, but they always exist. 


’ EXAMPLE 26 _ Determine whether 2i is a solution of x2 + 3x — 4 = 0. 


x? + 3x-4=0 
(2i)? + 3(2i) -4 20 


4i2+ 6i-4 
—-4+ 61-4 
—8 + 6i FALSE 
The number 2/ is not a solution. )) 


Do Exercises 33 and 34. 


r~ 


(9) Quadratic Equations with 
Nonreal Solutions 


In Chapter 15, we solved quadratic equations with real solutions. Some quad- 
ratic equations have nonreal solutions, as shown in Examples 27-30. 


! EXAMPLE 27 Solve: 4x2 + 9 = 0. 


35. Solve: 2x2 + 1 = 0. 


Answers 


33. Yes 


34. Yes 


1252 


35. + 


4x7 +9=0 
9 
x= = a Subtracting 9 and dividing by 4 
f= 4x7 +9 poe 
-j 9 9 
penne ae er or x= -,| ar Using the principle of square roots 
Hot : ; 
x= 3! or x= 5! Simplifying 
We check: 4(3i)? + 9 = 4(-3) + 9 = -9 + 9 = 0. The solutions are }i and 
Bis Doin 
7) 1, OF + al. 


We see that the graph of f(x) = 4x2 + 9 does not cross the x-axis. This is 
true because the equation 4x* + 9 = 0 has imaginary complex-number 
solutions. Only real-number solutions correspond to x-intercepts. 


Do Exercise 35. 


Ic 
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EXAMPLE 28 Solve: x? — 4x + 13 = 0. 


We have a = 1,b = —4, andc = 13. We use the quadratic formula: 


(-4) + V(-4)?-4-1-13 


2-1 
4+vV16—-—52 4+ V-36 
2 2 
4+ 6i 
= =2+ 
5 31 


The solutions are2 + 3i. 


EXAMPLE 29 Solve: 2x2 + 5x = —6. 


Using the quadratic formula 


Do Exercise 36. 36. Solve: x2 — 8x + 17=0. 


We first find standard form and determine a, b, and c: 


2x2 + 5x+6=0 
a=2 b=5;, ¢=6. 


Then we use the quadratic formula: 


—-5 + V52-4-2-6 
xX = 
2322 
—5 + V25 — 48 —5 + V-23 
4 4 
— 5 + V23i 
F : 
. —5 + V23i 5 V23., 
The solutions are , OF + 


EXAMPLE 30 Solve: x? + 8 = 0. 


1. 


Do Exercise 37. 37. Solve: 2x2 + 7x = —11. 


We first factor the difference of cubes and use the principle of zero products: 


(x + 2)(x? — 2x + 4) =0 


x+2=0 or x*-2x+4=0 


x= =2 or x = 2x4 


t 4 


= 0. 


Then we solve x2 — 2x + 4=0 using the quadratic formula with a = 1, 


b= -2,andc = 4: 
(-2) + V(-2)? 4-1-4 


24 


t V4 — 16 


2+] ~ 

24+V-12 24 vV-1-4:°3 
~ 2 ~ 2 
= 282 a V3i. 


38. Solve: x3 — 8 = 0. 


The solutions are —2, 1 + V3i, andl — V3i, or —2 and1 + V3i. 


Do Exercise 38. 
Answers 
36.44% 37.—2 SSS or ie nee 
38. 2,-1 + V3i 
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(a) Express in terms of i. 


1. V—35 
5,12 
9. V—-81 
13. —V—49 


For Extra Help 


2, V=21 3. V—-16 
6. =—V=20 tS 
10. V—27 11. V—98 
14. —V—-125 15. 4 — V—-60 


(b) Add or subtract and simplify. 


17. (7 + 2i) + (5 — 6i) 
20. (-2 — 5i) + (1 - 33) 
23. (6 — i) — (10 + 3%) 


26. (—2 — 3i) — (1 — 5i) 


(c) Multiply. 


29. V-36:° V-9 
33. —3i- 7i 


37. (3 + 27)(1 + i) 
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18. (—4 + 5i) + (7 + 3%) 


21. (9 =) 2 45h 


24, (—4 + 3i) — (7 + 4i) 


a7, G45). = (229) 


30. V-16- V—-64 31. V-7-V-2 
34. 8i- 5i 35. —3i(—8 — 2i) 
38. (4 + 3i)(2 + 5i) 39. (2 + 3i)(6 — 2i) 


marin TB 


PRACTICE 


WATCH DOWNLOAD 


4. V-36 


12. —-V-18 


16. 6 — V—-84 


19. (4 — 3i) + (5 — 23) 


22. (6 + 4i) + (2 — 3i) 


25. (4 — 2i) — (5 — 3i) 


28. (6 — 3i) — (2 + 4i) 


32. V-11- V-3 


36. 4i(5 — 7i) 


40. (5 + 6i)(2 — i) 


GA 
J 


REVIEW 
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Al. (6 — 5i)(3 + 4i) 42. (5 — 6i)(2 + 5i) 43. (7 — 2i)(2 — 6i) 44, (—4 + 5i)(3 — 4i) 


45. (3 — 2i)? 46. (5 — 2i)? 47. (1 + 5i)? 48. (6 + 2i)? 
d Simplify. 

49, i? 50. il} ot Oe 52,.5°° 

53. i%2 54, 164 55. i9 56. (-i)7! 
57. 5° 58. (—i)* 59. (5i)° 60. (—3i)° 


Simplify to the form a + Di. 


61.7 + i* 62. -18 + @ 63. i278 — 23: 64. 129 + 33: 
65. i* + i4 66. 52° + 47 67.72 + i? 68. 784 — {100 
69.1+1+74+P 4+ i 701-7? +P -f+~ 71.5 — V-64 
72. V—12 + 36i 73. =—= wn = 


( e Divide and simplify to the form a + bi. 


ag 8! 76, 212! 77, 372i 7g, &— 2 
“3-i “o+i “243i “743i 

foes 7 + . 
79, 8— 3! an 81. —— g2, © 
Ti 5i 3+1 | 
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2i 8i 4 5 
84 


83. Ff 85. — 86. — 
5 — 4i 6+ 3i 3i 6i 
2-4 5+ 3i 6 + 3i 4-—5i 
7 eeclaet 88. 2" 89. : 90. : 
81 i 6 — 31 4+ 5i 
q f Determine whether the complex number is a solution of the equation. 
91. 1 — 23; 92. 1 + 2i; 93.2 +7; 94.1 —-i; 
x*-2x+5=0 x*-—2x+5=0 x*-—4x-5=0 x*+2x+2=0 
2 2 2 2 
Gg Solve. 
95. 9x2 + 25 =0 96. 36x* + 49 = 0 97. (x — 7)? = -4 98. (x + 1)? = -9 
99. 2x* — 5x + 8=0 100. 2x? — 3x + 9=0 101.x7 +x+2=0 102. x? -x+1=0 
103. x? — 4x +13 =0 104. x? — 6x + 13 = 0 105. x2 + 9 = 2x 106. x2 + 7 = 4x 
2 5 5 2 ; 
107.1+—+-—=0 108.1 +—=— 109. x2 +5 = 4x 110. x2 + 6 = 4x 
x x2 x2 x 
M11. (x — 2)? + (x +:1)*=0 = 112. (x + 3)2 + (x- 2)2=0 113.x3-1=0 114. x3 + 27 =0 
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Answers 


CHAPTER 1 


Exercise Set 1.1, p. 7 

1. 5thousands 3. 5hundreds 5.9 7.7 

9. 5thousands + 7 hundreds + 0 tens + 2 ones, or 

5 thousands + 7 hundreds + 2 ones 

11. 9ten thousands + 3 thousands + 9 hundreds + 8 tens + 
6ones 13. 2thousands + 0hundreds + 5 tens + 8 ones, or 
2thousands + 5tens + 8ones_ 15. 1 thousand + 

5 hundreds + 7tens + 6ones_ 17. 1 billion + 

4hundred millions + 2 ten millions + 4 millions + 

1 hundred thousand + 6 ten thousands + 1 thousand + 
9hundreds + 4tens + 8ones_ 19. 9ten millions + 

9 millions + 8 hundred thousands + 8 ten thousands + 

6 thousands + 5 hundreds + 6 tens + 8 ones 

21. 6 hundred thousands + 1 ten thousand + 7 thousands + 
2hundreds + 4tens + 9ones 23. Eighty-five 

25. Eighty-eight thousand 27. One hundred twenty-three 
thousand, seven hundred sixty-five 29. Seven billion, seven 
hundred fifty-four million, two hundred eleven thousand, five 
hundred seventy-seven 31. Seven hundred thousand, six 
hundred thirty-four 33. Three million, forty-eight thousand, 
five 35. 2,233,812 37. 8,000,000,000 39. 50,324 

41. 632,896 43. 1,600,000,000 45. 64,186,000 47. < 
49. > 51< 53. > 55. > 57. > 

59. 190,078 > 172,000, or 172,000 < 190,078 

61. 1694 < 5249, or 5249 > 1694 =—«63.. 138 


Calculator Corner, p. 12 
1.121 2.1602 3.1932 4. 864 


Calculator Corner, p. 15 
1.628 2.47 3.67 4119 5. 2128 ~ 6. 2593 


Exercise Set 1.2, p. 17 


1.387 3.164 5.5198 7. 6608 9 8503 11. 5266 
13. 34,432 15. 101,301 17. 18,424 19. 31,685 

21. 1661 ft 23. 570ft 25.44 27. 533 29. 369 

31. 26 33. 234 35. 417 37. 5382 39. 2778 

41. 3069 43. 1089 45. 7748 47.4144 49. 3831 
51. 3749 53. 2191 55. 4418 57. 43,028 59. 95,974 
61. 4206 63. 1305 65. 9989 67. 48,017 

69. Six million, three hundred seventy-five thousand, six 
hundredtwo 70. 7tenthousands 71. 3;4 


Calculator Corner, p. 22 


1.448 2. 21,970 3. 6380 4. 39,564 5. 180,480 
6. 2,363,754 


Calculator Corner, p. 28 
1.28 2.123 3.323 4. 36 


Exercise Set 1.3, p. 35 


1.520 3.870 5.1527 7. 64,603 9.4770 11. 3995 
13. 46,296 15. 14,652 17. 258,312 19. 798,408 

21. 20,723,872 23. 362,128 25. 302,220 27. 49,101,136 
29. 25,236,000 31. 20,064,048 33. 529,984 sq mi 

35. 8100sqft 37.12 39.1 41.22 43.0 

45. Notdefined 47.6 49.55R2 51. 108 

53. 307. 55. 753R3 57. 74R1 59. 92R2 

61. 1703 63. 987R5 _ 65. 12,700 67.127 69. 52R52 
71. 29R5 73. 40R12 75. 90R22 77.29 79. 105R3 
81. 1609R2 83. 1007R1 85. 23 87. 107R1 

89. 370 91. 609R15 93. 304 95. 3508R219 

97. 8070 99.50 101. 460 103. 730 105. 900 

107. 100 109. 1000 111. 9100 113. 32,800 

115. 6000 117. 8000 119. 45,000 121. 373,000 

123. 80 + 90 = 170 = 125. 8070 — 2350 = 5720 

127. 7300 + 9200 = 16,500 129. 6900 — 1700 = 5200 

131. 10,000 + 5000 + 9000 + 7000 = 31,000 

133. 92,000 — 23,000 = 69,000 135. 90 people 

137. 50-70 = 3500 139. 30-30 = 900 

141. 900 - 300 = 270,000 143. 400 - 200 = 80,000 

145. 350 + 70 =5 = 147. 8450 + 50 = 169 

149. 1200 + 200 =6 151. 8400 + 300 = 28 =: 153. $11,200 
155. $18,900;no 157. Answers will vary depending on the 
options chosen. 159. Perimeter 160. Minuend 

161. Digits; periods 162. Dividend 163. Factors; 
product 164. Additive 165. Multiplicative 

166. Divisor; remainder; dividend 167. 54, 122; 33, 2772; 4,8 
169. 30buses 171. 247,464 sq ft 


Exercise Set 1.4, p. 46 

1.614 3.0 £5.90,900 7.450 9.352 11. 25 

13.29 15.0 17.79 419.45 21.8 23.14 25. 32 
27. 143. 29. 17,603 31.37 33.1035 35. 66 

37. 324 39. 743 41.175 43.335 45. 18,252 

47. 104 49.45 51. 4056 53. 2847 55.15 57. 205 
59. 457 61. 142R5 62. 142 63. 334 64. 334R11 
65. < 66. > 67. > £468 < _~ 69. 6,376,000 

70. 6,375,600 71. 347 


Answers A-1 


Mid-Chapter Review: Chapter 1, p. 48 


1. False 2. True 3. False 4. True 5. False 
6. 95,406,237 


uN 


[ 
Ninety-five million, 


four hundred six thousand, 


two hundred thirty-seven 
vi ao 4 8. 6hundreds 9. 6 ten thousands 


-497 
1:0: 7 
10. 6thousands 11.6o0nes 12.2 13.6 14.5 15.1 
16. 5thousands + 6hundreds + Otens + 2 ones, or 
5 thousands + 6 hundreds + 2 ones 
17. 6 ten thousands + 9 thousands + 3 hundreds + 4 tens + 
5ones 18. One hundred thirty-six 19. Sixty-four 
thousand, three hundred twenty-five 20. 308,716 
21. 4,567,216 22. > 23. < 24.< 25. > 26. 18 
27. 22 28.29 29. 3642 30. 798 31. 1030 
32. 7922 33. 7534 34.465 35. 339 36. 1854 
37. 4328 38. 216 39. 15,876 40. 132,275 
Al. 5,679,870 42. 253 43. 112R5 44. 23R19 
45. 144R31 46. 25m 47. 8sqin. 48. 600 
49. 824,000 50. 180,000 51. Byrounding prices and 
estimating their sum, a shopper can estimate the total grocery 
bill while shopping. This is particularly useful if the shopper 
wants to spend no more than acertainamount. 52. Commas 
separate the periods and make the numbers easier to read. 
53. Answers will vary. Suppose one coat costs $150. Then the 
multiplication 4 - $150 gives the cost of four coats. Or, suppose 
one ream of copy paper costs $4. Then the multiplication $4 - 150 
gives the costof150reams. 54. Ifwe use the definition of 
division, 0 + 0 = asuchthata- 0 = 0. Wesee that a could be 
any number since a - 0 = 0 for any number a. Thus we cannot say 
that 0 + 0 = 0. This is why we agree not to allow division by 0. 


Translating for Success, p. 59 


LE 2M 3D 4G 5A 60 7F 8K 
9.J 10.H 


Exercise Set 1.5, p. 60 


1. 318ft 3. 7450ft 5. 95 milligrams 7. 18 rows 

9. 1502hr 11. 2054mi 13. 2,073,600 pixels 

15. 268,000 men 17. 168hr 19. $23 per month 

21. $233 23. $9276 25. 151,500 27. 1,190,000 
motorcycles 29. $78 31. $40permonth 33. $24,456 
35. 35 weeks; 2 episodes 37. 236gal 39. 21 columns 
41. (a) 4200 sq ft; (b) 268 ft 43. $247 45. 645 mi; 5in. 
47. 56cartons 49. 32$10bills 51. $400 53. 525 min, 
or8hr45min 55. 700min,orllhr40min 57. 104 seats 
59. 106 bones’ 61. 234,600 62. 234,560 63. 235,000 
64. 22,000 65. 16,000 66. 4000 67. 8000 68. 320,000 
69. 720,000 70. 46,800,000 71. 792,000 mi; 1,386,000 mi 


Calculator Corner, p. 68 
1.243 2. 15,625 3. 20,736 4. 2048 


Calculator Corner, p. 70 
149 2.85 3.36 40 5.73 «6. 49 


Exercise Set 1.6, p. 73 

1.34 3.5% 5.79 7.103 9.49 11. 729 

13. 20,736 15. 243 17.22 419.20 21.100 23.1 
25.49 27.5 29.434 31.41 33.88 35.4 

37. 303 39.20 41.70 43. 295 45. 32 47. 906 
49.62 51.102 53.32 55. $94 57.401 59. 110 
61.7 63.544 65. 708 67. 27 69. 452 70. 835 


A-2 Answers 


71.13 72.37 73. 2342 74. 4898 75.25 76. 100 
77. 104,286 mi2 78. 98 gal 79. 24,;1+5- (4+ 3) = 36 
81. 7;12 + (4+2)-3-2=4 


Calculator Corner, p. 78 
1. No 2. Yes 3. Yes 4. No 


Exercise Set 1.7, p. 81 

1. No 3. Yes’ 5. 1,2,3,6,9,18 7. 1,2,3,6,9, 18, 27,54 
9.1,2,4 11.1 £13. 1,2,7,14,49,98 15. 1,3,5,15,17, 
51,85,255 17. 4,8, 12, 16, 20, 24, 28,32,36,40 19. 20, 40, 
60, 80, 100, 120, 140, 160, 180,200 21. 3,6,9, 12, 15, 18, 21, 
24,27,30 23. 12, 24, 36, 48, 60, 72, 84, 96, 108, 120 

25. 10, 20, 30, 40, 50, 60, 70, 80,90,100 27. 9, 18, 27, 36, 45, 
54, 63, 72,81,90 29. No 31. Yes 33. Yes 35. No 

37. No 39. Neither 41. Composite 43. Prime 

45. Prime 47.2:2-2 49.2:-7 51.2:3:-7 53.5-5 
55.2°5:-5 57.13-13 59.2:-2-5:-5 61.5-7 

63. 2:2-2-3:-3 65.7-11 67.2-2:-7-103 

69.3°-17 71.2:-2-2:-2-3-5°5 73.3:-7:13 
75.2:-3-11-17 77.26 78. 256 79. 425 

80. 4200 81.0 82.22 83.1 84.3 85. $946 

86. 201 min, or3hr21 min 87. Row 1: 48, 90, 432, 63; row 2: 7, 
2, 2, 10, 8, 6, 21, 10; row 3: 9, 18, 36, 14, 12, 11, 21; row 4: 29, 19, 42 


Exercise Set 1.8, p. 87 

1. 46, 224, 300, 36, 45,270, 4444, 256, 8064, 21,568 

3. 224, 300, 36, 4444, 256, 8064, 21,568 5. 300, 36, 45,270, 
8064 7. 36, 45,270, 711,8064 9. 324, 42, 501, 3009, 75, 
2001, 402, 111,111, 1005 11. 55,555, 200, 75, 2345, 35, 1005 
13. 56, 784,200 15. 200 17. 313,332, 7624, 111,126, 876, 
1110, 5128, 64,000, 9990 19. 313,332, 111,126, 876, 1110, 
9990 21. 9990 23. 1110,64,000,9990 25. 138 

26. 139 27. 874 28.56 29. 26 30.13 31. 234 
32. 4003 33. 45 gal 34. 4320 min 

$5..2°2°2°325° 5°13 873 2°2°323¢F211 

39. 95,238 


Exercise Set 1.9, p. 93 

1.4 3.50 5.40 7.54 9.150 411.120 13. 72 
15. 420 17.144 19. 288 21.30 23.90 25. 72 
27.60 29.36 31.900 33.48 35.50 37. 143 
39. 420 41.378 43. 810 45. 2160 47. 9828 

49. 6000 51. Every60yr 53. Every 420 yr 

55. 659tornadoes 56. 376,000,000 57. 39 58. 33,135 
59. 6,356,118 60. 77,699 61. 5in. by 24 in. 


Summary and Review: Chapter 1, p. 95 


Concept Reinforcement 


1. True 2. True’ 3. False 4. False 5. True’ 6. False 
7. True 


Important Concepts 


1. 2thousands 2. < 3. 65,302 4. 3237 5. 225,036 
6. 315R14 7. 36,500 8. 36,000 9. 36 10. 216 
11. 1,2, 4,8, 13,26,52,104 12.2-2-2-13 13. 156 


Review Exercises 

1. 8thousands 2.3 3. 2thousands + 7 hundreds + 
9tens+ 3o0nes 4. 5ten thousands + 6 thousands + 

0 hundreds + 7 tens + 8 ones, or 5 ten thousands + 

6 thousands + 7tens + 8ones 5. 4millions + 

0 hundred thousands + 0 ten thousands + 7 thousands + 

l hundred + Otens + 1 one, or 4 millions + 

7thousands + 1hundred + lone _ 6. Sixty-seven thousand, 
eight hundred nineteen 7. Two million, seven hundred 
eighty-one thousand, four hundred twenty-seven 


8. 1,563,000,000 9. > 10. < = 11. 14,272 12. 66,024 
13. 21,788 14. 98,921 15.5148 16. 1689 17. 2274 
18. 17,757 19. 5,100,000 20. 6,276,800 21. 506,748 


22. 27,589 23. 5,331,810 24.12R3 25.5 26. 913R3 
27. 384R1 28.4R46 29.54 30.452 31. 4389 

32. 345,800 33. 345,760 34. 346,000 35. 300,000 

36. 41,300 + 19,700 = 61,000 37. 38,700 — 24,500 = 14,200 
38. 400 - 700 = 280,000 39.8 40.45 41.58 42.0 
43. 45 44. 10,000 45.36 46.65 47. 233 48. 260 
49.165 50. $502 51. $484 52.1982 53. $13,585 
54. 14beehives 55. 98sqft;42ft 56. 137 beakers; 13 mL 
leftover 57. $27,598 58. 1, 2,3,4,5,6, 10, 12, 15, 20, 30, 60 
59. 1, 2,4, 8,11, 16,22, 44,88,176 60. 8, 16, 24, 32, 40, 48, 
56, 64,72,80 61. Yes 62. No 7 63. Prime 

64. Neither 65. Composite 66.2-5-7 67.2:3-5 
68.3:-3°5 692-3:°:5°-5 70.2:2-:2:3-3:-3°3 
71.2:3:5-5:-5:7 72. 4344, 600, 93, 330, 255,555, 780, 
2802,711 73. 140, 182, 716, 2432, 4344, 600, 330, 780, 2802 
74. 140, 716, 2432, 4344,600,780 75. 2432, 4344, 600 

76. 140, 95, 475, 600, 330, 255,555, 780 77. 4344, 600, 330, 
780, 2802 78. 255,555,711 79. 140, 600, 330, 780 

80. 36 81.90 82.30 83.1404 84.B 85. A 
86.D 87.a=8,b=4 88. 13,11,101,37 89. 6 days 


Understanding Through Discussion and Writing 


1. 9432 = 9- 1000 + 4-100+ 3-10 +2-1= 
9(999 + 1) + 4(99 + 1) + 3(9 +1) +2-1= 
9-999+9-1+4-99+4-1+3-9+3-1+42-1.Since 
999, 99, and 9 are each a multiple of 9, 9 - 999, 4 - 99, and3 -9 
are multiples of 9. This leaves9-1+4-1+3-1+2-1,or 
9+4+3+42.1f9 + 4+ 3 + 2,thesum of the digits, is divisible 
by 9, then 9432 is divisible by9. 2. Find the product of two 
prime numbers. 3. Answers will vary. Anthony is driving 
from Kansas City to Minneapolis, a distance of 512 mi. He stops 
for gas after driving 183 mi. How much farther must he drive? 
4. The parentheses are not necessary in the expression 

9 — (4: 2). Using the rules for order of operations, the 
multiplication would be performed before the subtraction even 
if the parentheses were not present. The parentheses are 
necessary in the expression (3 - 4)?; (3 - 4)? = 12? = 144, but 
3-44=3-16 = 48. 


Test: Chapter 1, p. 101 


1. [l.la]5 2. [1.1b] 8thousands + 8 hundreds + 

4tens + 3o0nes 3. [1.1c] Thirty-eight million, four hundred 
three thousand, two hundred seventy-seven 4. [1.2a] 9989 
5. [1.2a] 63,791 6. [1.2a] 3165 7. [1.2a] 10,515 

8. [1.2c] 3630 9. [1.2c] 1039 10. [1.2c] 6848 

11. [1.2c] 5175 12. [1.3a] 41,112 13. [1.3a] 5,325,600 
14, [1.3a] 2405 15. [1.3a] 534,264 16. [1.3c]3R3 

17. [1.3c] 70 18. [1.3c] 97 19. [1.3c] 805 R8 

20. [1.5a] 83 calories 21. [1.5a] 20staplers 22. [1.5a] $95 
23. (a) [1.2b], [1.3b] 300 in., 5000 sq in.; 264 in., 3872 sq in.; 
228 in., 2888 sq in.; (b) [1.5a] 2112 sqin. 24. [1.3d] 35,000 
25. [1.3d] 34,530 26. [1.3d] 34,500 

27. [1.3e] 23,600 + 54,700 = 78,300 

28. [1.3e] 54,800 — 23,600 = 31,200 

29. [1.3e] 800 - 500 = 400,000 30. [1.4b]46 31. [1.4b] 13 
32. [1.4b] 14 33. [1.4b] 381 34. [1.6a] 124 

35. [1.6b] 343 36. [1.6b] 100,000 37. [1.1d] > 

38. [1.1d] < 39. [1.6c] 31 40. [1.6c]98 41. [1.6c] 2 
42. [1.6c] 18 43. [1.6d] 216 44. [1.7c] Prime 

45. [1.7c] Composite 46. [1.7c]2-3-3 

47. [1.7c]2-2-3:-5 48. [1.8a] Yes 49. [1.8a] No 

50. [1.8a] No 51. [1.8a] Yes 52. [1.9a] 48 53. [1.9a] 600 
54. [1.6c] A 55. [1.3b], [1.5a] 336sqin. 56. [1.6c] 


CHAPTER 2 


Calculator Corner, p. 112 


14 7 138 7 
1. 15 23 8 3. 167 4. 25 


Exercise Set 2.1, p. 113 

1. Numerator: 3; denominator:4 3. Numerator: 11; 
denominator: 2 5. Numerator:0;denominator:7 7. 5 
9% 11% 133 152 17.4 19.4 21.4 

23. (a); (b)$ 25. (a3 (b)2 27. 1 ~—-29. Not defined 
31.0 33.7 35. Notdefined 37.1 39.0 41.4 
43,2 45.2 47.2 49,2 51.8 53.% 55. 2 
57. 7m 40559. 2) 61. 63. 8 65. O67. 
69.52 71.3% 73.8 75.3% 77.4% 79.5 81.2 
83.4 85.3 87.3 89.2 91.8 93.4 95.6 97.4 
99.5 101.4 103.3 105. 4,org 


Exercise Set 2.2, p. 120 

lj 3% 52 721 91 Ll 132 15.4 
17.9 19.9 21.2% 23.30 25.4 27.2 29.7 
31.3 33. 35.4 37.6 393% 41.3 43.4 
45.4 47.2 49.% 51.2 53.8 55.35 57.1 
59.2 61.3 63.144 65.75 67.2 69.2 71. 315 
73. 204 74. 700 75. 3001 76. 204R8 77. 8 thousands 
78. 8millions 79. 8ones 80. 8hundreds 81. 3 


Exercise Set 2.3, p. 128 
3 3 fi 3 

i; 1 3. 3 5. 3 7. 2 9. 2 
17. 35 «19. a0 21. (R28. FZ 
29.3 31.2 33.23 35.3% 37.2 39.2 41.2 
43.5 45.3 47.2% 49.2 51.5 532 55. 3 

26 9 13 1 i 13 31 
57.2% 59.78, 61.3 63.7, 65.5 67.23 69.3 
WM. 7.4 H> <= We Bl. > 
83. > 85.< 87.4 89.4 91.4 93. 6,140,000lb 
94. About 12.8 billion, or 12,800,000,000, crayons 95. 1 
96. Notdefined 97. Notdefined 98.4 99. 34 


100.2 101.21 102.4 103. km 105. 3 
107. +2 109. > 


Mid-Chapter Review: Chapter 2, p. 131 


1. True 2. False 3. True 4. False 5.25 6.0 
deol 8. 18 


g. 222 vl 3 
* 427 35 2-3-7. 5-7 
il . (8) 3 (2 a) 
= 353-7 ° \5 “7° (2-3 
ll: 5 3°2°3 
= 2-3°7°5 7-2°3 
55 18 
=293°5°7 2°3°5°7 
_ 55-18 _ 37 
=3-3-5-7~ 210 
10 x+fh=3 
. B83 
DP Me Be de 
X+g-—g=3 78 
2, 8, D8 
X+0=3°¢—8°3 
= 16. 3: 
x=% 24 
x=8 


4 
ll, f,0rg 12.8 0rf 13.7 14.2 15.1 16.0 

17. Notdefined 18.0 19.3 20.2 21.3 22.3 
23,5 24.3 25.2 26:5 2% 9 28.55 291 
30.4 31.55 32.92 33.300 34.8 35.33 

36. ay 37. i, ;, a3 38. We multiply by 1, using the 
notation n/n, to express each fraction in terms of the least 
common denominator. 39. Write 2 as +8 and 8 as # and since 
taking 40 tenths away from 16 tenths would give a result less 
than 0, it cannot possibly be 8. You could also find the sum $ + 8 
and show that itisnot2. 40. It is possible to cancel only when 


Chapters 1-2 A-3 


identical factors appear in the numerator and the denominator 
of a fraction. Situations in which it is not possible to cancel 
include the occurrence of identical addends or digits in the 
numerator andthe denominator. 41. No; since the only 
factors of a prime number are the number itself and 1, two 
different prime numbers cannot contain a common factor 
(other than 1). 


Exercise Set 2.4, p. 139 

LS 3.8 5.4 7, 8 gf 4k 11. 73 

13.5;5 15.282 17.24 19.145 21.124 23. 16% 
25. 215 27.272 29.278 31.12 33.44 35. 213 
37.124 39.153 41.75 43.132 45.114 47. 222 
49.2% 51.82 53.9% 55. 249 57.9752 59. 6+ 
61.14 63.32 65.14 67.1% 69.4% 71. 45,800 
72. 45,770 73. Yes 74. No 75. No 76. Yes 77. No 
78. Yes 79. Yes 80. Yes 81. 352 83. 13 


Translating for Success, p. 152 


1.0 2K 3F 4D 5H 6G 7.2L 8&E£E 
9.M 10. J 


Exercise Set 2.5, p. 153 

1. 960 extensioncords 3. 32pairs 5. Food: $8400; housing: 
$10,500; clothing: $4200; savings: $3000: taxes: $8400; other 
expenses: $7500 7. hr 9. mi 11.2in. 13. $48,280 
15. 68°F 17.3%" 19. %in. 21. 34321b 23. Ib 

25. Scin. 27. 954mi 29. 1433 flats 31. +tub 

33. 42 ft x 105ft 35.41b 37. 1344" 39. 3¢hr 

Al. 283yd 43. 731b 45. 400cuft 47. About 690,000 
49. 15mpg 51. 5zyd 53. 59,538zsqft 55. About 
301,360,000 57. 16L 59. 76;sqft 61. 690 kg; 34 cement; 
3 stone; sand;1 63. 62}ft? 65. 12#titles 67. Divisor; 
quotient; dividend 68. Common 69. Composite 

70. Divisible; divisible 71. Multiplications; divisions; 
additions; subtractions 72. Addends 73. Numerator 

74, Reciprocal 75. 4;$320 77. +5 


Exercise Set 2.6, p. 164 

1,3,orls 2.5 5. = 0r26s 7.5 Sige IL4 
13. Zor22 15, 82, or992@ 17.2 19, 3 

21. Bor6 4 23. 164mi 25.9%lb 27.0 29.1 
31.5 33.4 35.0 37.1 39.3 41,13 43,2 
45. 15 47.5 49. 2713 51.3 53.100 55. 295 
57.2 58.3% 59. Prime: 5, 7, 23, 43; composite: 9, 14; 
neither:1 60.59R77 61. 16people 62. 43mg 

63. a= 2,b=8 _ 65. The largest is 4 + 3 i 3 


Summary and Review: Chapter 2, p. 167 


Concept Reinforcement 
1. True 2. True 3. False 4. True 5. False 


Important Concepts 

56 5: 70 7 112 28 4 
1. 0, 1,18 = 2 3. i 4 5 5. 10, 6. ta Oras 7% 
8% < 9.2 10.8 11.72 12. 73% 13. 143 
14.2% 15. Zcups 16. 3,0r45 17. 45 


Review Exercises 

1. Numerator: 2;denominator:7 2.2 3./ 4.2 5. 
6.1 7.4% 8.43; 9. Notdefined 10.0 11. 3 
12.18 136 144 158% 1646-43-48 
Ba SB 3=f 17.3 1856 19.3 20. 24 

21.% 22.4 23. 24.5 25.3 26. 2 


Bln 


A-4 Answers 


27.2 28.4 29.9 30.% 31.2 32.2 33.7 
34.5 35.7 36.300 37.1 384 39.8% 40% 
41.3 42,0) 43.3 44.3 45.2 46.1 47.> 
48.> 49.< 50.> 51. 52.240 53.2 

54.2 55.3% 56.9% 57.2 58.2 59.24 60. 63 


61. 122 62.34 63.102 64. 11}: 65. 10% 66. 84 
67.75 68.41 69.4% 70.13% 71.16 72. 34 
73.22% 74.6 75.12 76.15 77.% 78% 

79. 9days 80. About 22,800,000 metrictons 81. 44 yd 
82. 1772in? 83. 50fin? 84. 14 in. 85. 24 1b 

86. 1000km_ 87. 134in. x 13}in.: perimeter = 53in., 
area = 1754sq in.; 13+in. x 34in.: perimeter = 33 in., 

area = 43458q in. 88. ; cup; 2 cups 89. $15 90. 60 bags 
91. $850 92. 8icups 93. 635 pies;19i pies 94. 1 
95.5 96.3 97.45 985 99.0 100.1 101.7 
102.10 103.543 104.0 105.23 106. 285 107.A 
108.B 109.D 110.D = 111. a= 11,176;b = 9887 
112. § + 3 = 3} 


Understanding Through Discussion and Writing 

1. No; if the sum of the fractional parts of the mixed numerals 
is n/n, then the sum of the mixed numerals is an integer. For 
example, 1} + 64 = 7 = 8. 2. The student is probably 
multiplying the divisor by the reciprocal of the dividend rather 
than multiplying the dividend by the reciprocal of the divisor. 

3. Taking 3 of a number is equivalent to multiplying the number 
by = Dividing by 5 is equivalent to multiplying by the reciprocal 
of > or 2. Thus taking : of a number is not the same as dividing 


by zs 4. The student is multiplying the whole numbers to get 
the whole-number portion of the answer and multiplying 
fractions to get the fraction part of the answer. The student 
should have converted each mixed numeral to fraction 
notation, multiplied, simplified, and then converted back to a 
mixed numeral. The correct answer is 48, 5. Since 4 isa 


smaller number than z, there are more #s in 5 than 25, Thus, 


5+ 3 is a greater number than 5 + Z 6. No; in order to 


simplify a fraction, we must be able to remove a factor of the 
type ai n # 0, where nis a factor that the numerator and the 


denominator have in common. 


Test: Chapter 2, p. 175 
1. [2.1a] 3 2. [2.3c] > 3. [2.1b])26 4. [2.1b] 1 
5. [2.1b] Notdefined 6. [2.1b]0 7. [2.1e] $ 8. [2.1c], [2.2a] 32 


9. [2.1c], (2.2a]2 10. [2.2a]3 11. [2.2a)2 12. [2.2b] 8 
13. [2.2b]4 14. [2.2b] 5 15. [2.2c]2 16. [2.2c] 18 
17. [2.2c] #8 18. [2.3a]3 19. [2.3a)3% 20. [2.3a] 2h 


ia 
21. [2.3b]$ 22. [2.3b] 5 23. [2.3b] 5 24. [2.30] 2? 
25. [2.2d]i 26. [2.4a]45 27. [24a] 28. [2.4b] 144 
29. [2.4c] 44 30. [2.4d]) 4} 31. [2.4e] 2 
32. [2.5a] (a) 3 in. (b) 45in. 33. [2.5a] 80 books 
34, [2.5a]5qt 35. [2.5a]jbin. 36. [2.6a]? 37. [2.6b]0 
38. [2.6b]1 39. [2.6b] 16 40. [2.6b] 12145 41. [2.5a] B 
42. [2.6a an 43. [2.5a] Rebecca walks #2 mi farther. 


CHAPTER 3 


Exercise Set 3.1, p. 185 


1. Four hundred eighty-six and thirty-four hundredths 

3. One hundred forty-six thousandths 5. Two hundred 
forty-nine and eighty-nine hundredths 7. Three and seven 
hundred eighty-five thousandths 9. Twenty-seven and one 
thousand, two hundred forty-five ten-thousandths 11. 83 


13. 199 15. “509, «17. jo000 «19. To 21- io. 000 

23. 0.8 25. 3.798 27. 8.89 29. 0.00019 31. 0.0078 
33. 0.376193 35.2.9 37. 3.098 39.99.44 41. 2.1739 
43. 0.58 45. 0.91 47. 0.001 49. 235.07 51. 745 

53. 0.4325 55.0.1 57.0.5 59.2.7. 61. 123.7 

63. 0.89 65. 0.67 67. 1.00 69. 0.09 71. 0.325 

73. 17.001 75. 10.101 77. 9.999 79. 800 81. 809.573 
83. 810 85. 34.5439 87. 34.54 89.35 91. 62 

92.54 93.6170 94. 6200 95. 6000 

96. 2-2-2-2-5-5-5,or24-5°> 97. 2-3-3-5-17,or 
2-32-5-17 98.2-7-11-13 99. 2-2-2-7-7-ll,or 
23-72-11 101. 2.000001, 2.0119, 2.018, 2.0302, 2.1, 2.108, 
2.109 103. 6.78346 105. 0.03030 


Calculator Corner, p. 190 


1. 317.645 2. 506.553 3. 17.15 4. 49.08 5. 4.4 
6. 33.83 7. 454.74 8. 0.99 


Exercise Set 3.2, p. 193 


1. 334.37 3. 1576.215 5. 132.560 7. 50.0248 9. 40.007 
11. 977.955 13. 771.967 15. 8754.8221 17. 49.02 
19. 85.921 21. 2.4975 23. 3.397 25. 8.85 27. 3.37 
29. 1.045 31. 3.703 33. 0.9902 35. 99.66 37. 4.88 
39. 0.994 41. 17.802 43.51.13 45. 32.7386 47. 4.0622 
49. 11.65 51. 384.68 53. 582.97 55. 15,335.3 
57. The balance forward should read: 
$ 9704.56 
9677.12 
10,677.12 
10,553.17 
10,429.15 
10,416.72 
12,916.72 
12,778.94 
12,797.82 
9997.82 
59. 35,000 60. 34,000 61. é 62. i 63. 6166 64. 5366 
65. 16}servings 66. 60}mi 67. 345.8 


Calculator Corner, p. 199 


1.48.6 2. 6930.5 3. 142.803 4. 0.5076 5. 7916.4 
6. 20.4153 


Exercise Set 3.3, p. 201 


1.60.2 3.6.72 5. 0.252 7.0522 9. 237.6 

11. 583,686.852 13. 780 15. 8.923 17. 0.09768 

19. 0.782 21. 521.6 23. 3.2472 25. 897.6 27. 322.07 
29. 55.68 31. 3487.5 33. 50.0004 35. 114.42902 

37. 13.284 39. 90.72 41. 0.0028728 43. 0.72523 

45. 1.872115 47. 45,678 49. 2888¢ 51. 66¢ 53. $0.34 
55. $34.45 57. 47,300,000,000 59. 9,300,000 

61. 23,400,000,000 63.114 64.2 65.2% 66.74% 

67. 342 68. 87 69. 4566 70. 1257 71. 87 

72. 1176R14 73. 102! = Isextillion 75. 1024 = 1 septillion 


Calculator Corner, p. 205 
1.6143 2.2.56 3.0064 4. 75.8 


Exercise Set 3.4, p. 211 


1.2.99 3. 23.78 5.748 7. 7.2 9. 1.143 11. 4.041 
13.56 15.70 17.20 19.04 21.041 23. 85 
25.9.3 27. 0.625 29.0.26 31. 15.625 33. 2.34 

35. 0.47 37. 0.2134567 39. 2.359 = 41. 4.26487 43. 169.4 
45. 1023.7 47. 4256.1 49.9.3 51. 0.0090678 53. 45.6 
55. 2107 57. 303.003 59. 446.208 61. 24.14 

63. 13.0072 65. 19.3204 67. 473.188278 69. 10.49 

71. 911.13 73. 205 75. $1288.36 77. 5.42 million stays 


79.2 80.3 81.2 82.2 83. 2-2-3-3-19,or 
22.32.19 84.2-3-3-3-3,0r2:34 85. 3-3- 223,or 
32-223 86.5-401 87.154 88.52 89. 6.254194585 
91. 1000 93. 100 


Mid-Chapter Review: Chapter 3, p. 215 
1. False 2. True’ 3. True 


4. y+ 12.8 = 23.35 
y + 12.8 — 12.8 = 23.35 — 12.8 
y +0 = 10.55 
y = 10.55 


5. 5.6 + 4.3 X (6.5 — 0.25)" = 5.6 + 4.3 x (6.25) 
5.6 + 4.3 * 39.0625 

= 5.6 + 167.96875 

= 173.56875 
6. Nine and sixty-nine hundredths 7. 1,050,000 8. 1 
9. ao 10.013 11.52 12.0.7 13.639 14. 35.67 
15. 8.002 16. 28.462 17. 2846 18. 285 19. 28 
20. 50.095 21. 1214.862 22. 5.228 23. 18.24 24. 272.19 
25. 5.593 26. 15.55 27. 39.37 28. 4.14 29. 92.871 
30. 8123.6 31. 2.937 32.5.06 33.3.2 34. 763.4 
35. 0.914036 36. 2045¢ 37. $1.47 38. 12.7 39. 84 
40. 59.774 41. 33.33 42. The student probably rounded 
over successively from the thousandths place as follows: 
236.448 ~ 236.45 ~ 236.5 ~ 237. The student should have 
considered only the tenths place and rounded down. 
43. The decimal points were not lined up before the subtraction 
was carriedout. 44. 10 + 0.2 = 39 = j9- 70 = 4 = 100 = 2. 
45. 0.247 ~ 0.1 = {909 * 10 = i000 * T= 10-100 = 100 = 
2.47 # 0.0247; 


0.247 + 10 = y95 + 10 = top io = Too00 = 0.0247 # 2.47 


Exercise Set 3.5, p. 222 

1.0.23 3.06 5.0325 7.0.2 9.085 11. 0.375 
13. 0.975 15. 0.52 17. 20.016 19. 0.25 21. 1.16 

23. 1.1875 25. 0.26 27.03 29.1.3 31. 1.16 

33. 0.571428 35. 0.916 37. 0.3;0.27;0.267 39. 0.3; 0.33; 
0.333 41. 1.3; 1.33;1.333 43. 1.2;1.17;1.167 45. 0.6; 0.57; 
0.571 47. 0.9;0.92;0.917 49. 0.2;0.18;0.182 51. 0.3; 0.28; 
0.278 53. (a) 0.429; (b) 0.75; (c) 0.571; (d) 1.333 

55. 15.8mpg 57. 17.8mpg 59. 15.2mph_ 61. $29.5625; 
$29.56 63. $27.875; $27.88 65. $31.484375; $31.48 

67. 11.06 69.84 71. 417.516 73.0 75. 2.8125 

77. 0.20425 79. 317.14 81. 0.1825 83.18 85. 2.736 
87.21 88. 238 89.10 90.8 91.504 92. 305 
93.15 94.1453 95. lycups 96. 12+in. 97. 0.142857 
99. 0.428571 101. 0.714285 103. 0.1 105. 0.001 


Exercise Set 3.6, p. 229 

1d 3@© 5 (a 7.() 916 211.6 = 13. 60 
15. 2.3. 17.180 19. (a) 21. (c) 23. (b) 25. (b) 

27. 1800 + 9 = 200 posts; answers may vary 

29. $2-12 = $24; answersmayvary 31. Repeating 

32. Multiple 33. Distributive 34. Solution 

35. Multiplicative 36. Commutative 37. Denominator; 
multiple 38. Divisible; divisible 39. Yes 41. No 

43. (a) +, X; (b) +, X, — 


Translating for Success, p. 239 


1.1 2C 3N 4A 5G 6B 7D 8&0O 9% F 
10. M 


Exercise Set 3.7, p. 240 

1. $43.1 billion 3. 6.29 millionpassengers 5. $151.1 million 
7. $0.51 9. 102.8°F 11. $64,333,333.33 13. Area: 8.125 sq cm; 
perimeter: 11.5cm 15. 22,691.5mi 17. 20.2mpg 

19. 11.9752cuft 21. 78.1cm 23. 285cm 25. $24.33 


Chapters 2-3 A-5 


27. 2.31cm 29. 876calories 31. $1171.74 33. 227.75 sqft 
35. 0.364 37. 2152.56sqyd 39. 10.8¢ 41. $906.50 

43. 6.052 billion 45. 1.4°F 47. $262,153 49. $83,782 

51. $1,401,429 53. $29,133 55. $53.04 57. $3745.41 

59. $1406.75 61. 6335 62.3 63.62 64.2 65.4 
66. 2803 67.5 6812 69.52% 70.3% 71.3 722 
73. 28min 74. 7imin 75. 186 calories 76. 30 calories 
77. $17.28 


Summary and Review: Chapter 3, p. 247 


Concept Reinforcement 
1. True 2. False 3. True 4. False 5. True 


Important Concepts 


1, 332. 81.7 3. 42.159 4. 153.35 5. 38.611 
6. 207.848 7.19.11 80.176 9. 60,437 10. 7.4 
11. 0.047 12. 15,690 


Review Exercises 


1. 6,590,000 2. 3,100,000,000 3. Three and forty-seven 
hundredths 4. Thirty-one thousandths 5. Twenty-seven and 
one ten-thousandth 6. Ninetenths 7. nn 8. Tce 

9. jogo (10. S321. 0.034 «12, 4.260313. 27.91 

14. 867.006 15. 0.034 16.091 17. 0.741 18. 1.041 
19.17.4 20.17.43 21.17.429 22.17 23. 574.519 

24. 0.6838 25. 229.1 26. 45.551 27. 29.2092 28. 790.29 
29. 29.148 30. 70.7891 31.12.96 32. 0.14442 33. 4.3 
34. 0.02468 35.7.5 36.0.45 37.452 38. 1.022 

39. 0.2763 40. 1389.2 41. 496.2795 42.695 43. 42.54 
44. 4.9911 45. $15.52 46.1.9lb 47. $784.47 48. $171.24 
49. 14.5mpg 50. (a) 106.21b;(b) 15.2Ib 51. 272 = 52. 216 
53. $125 54.052 55.045 56.2.75 57. 3.25 58. 1.16 
59. 1.54 60.1.5 61.155 62. 1.545 63. $82.73 

64. $4.87 65. 2493¢ 66. 986¢ 67. 1.8045 68. 57.1449 
69. 15.6375 70.D 71.B 72. (a)2.56 X 6.4 + 51.2 — 
17.4 + 89.7 = 72.62; (b) (11.12 — 0.29) x 34 = 877.23 


73. 1 = 3-} = 3(0.33333333...) = 0.99999999..., or 0.9 


Understanding Through Discussion and Writing 


1. Count the number of decimal places. Move the decimal point 
that many places to the right and write the result over a denom- 
inator of 1 followed by that many zeros. 
2. 346.708 x 0.1 = 4008 x ig = Goon = 34.6708 # 3467.08 
3. When the denominator ofa fraction is a multiple of 10, long 
division is not the fastest way to convert the fraction to decimal 
notation. Many times when the denominator is a factor of some 
multiple of 10, this is also the case. The latter situation occurs when 
the denominator has only 2’s or 5’s or both as factors. 4. Multiply 
by 1 to get a denominator that is a power of 10: 
44 44 8 352 
125 125 8 1000 


We can also divide to find that ae = 0.352. 


= 0.352. 


Test: Chapter 3, p. 252 


1. [3.3b] 18,400,000 2. [3.3b] 13,100,000,000 3. [3.1a] Two and 
thirty-four hundredths 4. [3.1a] One hundred five and five ten- 
thousandths 5. [3.1b] 2, 6. [3.1b] 2? 7. :[3.1b] 0.074 

8. [3.1b] 3.7047 9. [3.1b] 756.09 10. [3.1b] 91.703 

11. [3.1c] 0.162 12. [3.1c]0.078 13. [3.1c]0.9 14. [3.1d]6 
15. [3.1d)5.68 16. [3.1d]5.678 17. [3.1d] 5.7 


A-6 Answers 


18. [3.2a] 0.7902 19. [3.2a] 186.5 20. [3.2a] 1033.23 

21. [3.2b] 48.357 22. [3.2b] 19.0901 23. [3.2b] 152.8934 

24. [3.3a] 0.03 25. [3.3a] 0.21345 26. [3.3a] 73,962 

27. [3.4a] 4.75 28. [3.4a]30.4 29. [3.4a] 0.19 

30. [3.4a] 0.34689 31. [3.4a] 34,689 32. [3.4b] 84.26 

33. [3.2c] 8.982 34. [3.7a] $133.99 35. [3.7a] 28.3 mpg 

36. [3.7a] $592.45 37. [3.7a] $293.93 38. [3.7a] 67.44 million 
passengers 39. [3.6a]198 40. [3.6a]4 41. [3.5a] 0.35 

42. [3.5a] 0.88 43. [3.5a]5.25 44. [3.5a]0.75 45. [3.5a] 1.2 
46. [3.5a] 2.142857 47. [3.5b]2.1 48. [3.5b] 2.14 

49. [3.5b] 2.143 50. [3.4c] 40.0065 51. [3.4c] 384.8464 

52. [3.5c] 302.4 53. [3.3b]B 54. [3.7a] $35 


2 5°15 11 17 113 
55. [3.1b, c] 3) 7) 19? 13? 20) 15 


CHAPTER 4 
Exercise Set 4.1, p. 267 
S: 


LW o32 5A 72 ot 1 SR 

6 
13. 40km/h 15. 7.48 mi/sec 17. 32 mpg 

19. 43,728 people/sqmi 21. 186,000 mi/sec 

23. 0.623 gal/ft? 25. 124km/h 27. No 29. Yes 
31. Yes 33. No 35.12 37.20 39.18 41. % or9} 
43.2.7 45.18 47.3 49.72 51.0.7 53.4 
55. 175 bulbs 57. 954deer 59. 120Ib 61. 100 0z 
63. 212.52 million, or 212,520,000 

65. (a) About 122 gal; (b) 3080 mi _—_‘67. 880 calories 

69. 58.1 mi 71. 64cans 73. 4063 theaters 


74. 281.4 milliontracks 75. $151,000 


Calculator Corner, p. 274 
1.0.14 2. 0.00069 3.0438 4. 1.25 


Exercise Set 4.2, p. 276 

1. Ai; 90 X 7453 90 X 0.01 8. 482 12.5 X 3p; 12.5 X 0.01 
5. 0.67 7. 0.456 9.0.5901 11.0.1 13. 0.01 15. 2 
17. 0.001 19. 0.0009 21. 0.0018 23. 0.2319 

25. 0.14875 27. 0.565 29. 0.97 31. 0.07; 0.08 

33. 0.548 35. 47% 37.3% 39. 870% 41. 33.4% 
43. 75% 45.40% 47. 0.6% 49. 1.7% 51. 27.18% 
53. 2.39% 55. 27% 57. 5.7%; 17.6% 59. 90.6%; 88% 
61. 0.64; 0.3; 0.04;0.02 63. 33; 64.375 65. 93 

66. 185 67. 51, +68. 1115 69.06 70. 0.3 

71. 0.83 72.1416 73.2.6 74. 0.9375 75. 50% 
77. 70% 79. 20% 


Calculator Corner, p. 279 


1.52% 2. 38.46% 3. 110.26% 4. 171.43% 5. 59.62% 
6. 28.31% 


Exercise Set 4.3, p. 283 

1.41% 3.5% 5.20% 7.30% 9.50% 11. 87.5%, 
or 873% 13. 80% 15. 66.6%, or 663% 17. 16.6%, or 
165% 19. 18.75%, or 182% 21. 81.25%, or 814% 

23. 16% 25.5% 27. 34% 29. 8%;59% 31. 22% 
33.12% 35.15% 37.56 39.2 41.3 43.4 45.2 
a7.b; 49.28 51.88 53.2 55.3 57. aids 
59.; 61.35 63.3 65.2 67.3 69. Au 


i 
i Fraction | Decimal Percent 
Notation | Notation | Notation 
12.5%, 
3 0.125 or 
125% 
7 16.6%, 
é 0.16 or 
165% 
t 0.2 20% 
; 0.25 25% 
7 33.3%, 
; 0.3 or 
334% 
37.5%, 
2 0.375 or 
375% 
2 0.4 40% 
5 0.5 50% 
ei 
73. A ; >) 
Fraction | Decimal | Percent 
Notation | Notation | Notation 
1 0.5 50% 
2 
7 33.3%, 
; 0.3 or 
334% 
; 0.25 25% 
7 16.6%, 
é 0.16 or 
165% 
12.5%, 
i 0.125 or 
125% 
3 0.75 75% 
: : 83.3%, 
. 0.83 or 
835% 
37.5%, 
3 0.375 or 
1 
375% 
Me 


75.70 76.5 77.400 78. 18.75 79. 23.125 
80. 25.5 81.4.5 82. 8.75 83.334 84.373 85. 834 
86. 20; 87. 434 88.624 89.18% 90.7% 91. % 
92. 22 93. 33 ga, 3295. 11.1% 97. 257.46317% 
99. 0.015 101. 1.04142857 103. 4%, £%, 0.5%, 14%, 1.6%, 
164%, 0.2, 3, 0.54, 1.6 


Calculator Corner, p. 290 
1. $5.04 2.0.0112 3.450 4. $1000 5.25% 6. 12% 


Exercise Set 4.4, p. 291 


1. a= 32% X78 3. 89=px99 5. 13 = 25% xX b 
7. 2346 9.45 11. $18 13.1.9 15. 78% 17. 200% 
19. 50% 21. 125% 23.40 25. $40 27. 88 29. 20 


31. 6.25 33. $846.60 35.1216 37. 7, 38. 72 


875 7 125 1 9375 15 6875 uu 
39. {O99 OF g 40. {099 OF g = AL GO.G00 OF 76 ~— 42+ J0,G00» OF iG 


43. 0.89 44.0.07 45.03 46. 0.017 47. $800 (can 
vary); $843.20 49. $10,000 (can vary); $10,400 51. $1875 


Exercise Set 4.5, p. 297 


.2=4 32. HB-B 5 BHF 7.684 9. 462 
11.40 13. 2.88 15. 25% 17. 102% 19. 25% 

21. 93.75%, or 933% 23. $72 25.90 27. 88 29. 20 
31. 25 33. $780.20 35.200 37.8 38.4000 39. 8 
40. 2074 41.100 42.15 43. 8.04 44. 3, or 0.1875 


45. qt 46.;T 47. $1170 (can vary); $1118.64 


Mid-Chapter Review: Chapter 4, p. 299 


1. False 2. True 3. False 4. True 
5, im =1.1=-24 
* 2 2° 100 ~ 200 
80 8 5.5 55 ul 
6. ip00 = inp = 8% 7. 5.5% = t60 = tooo = 200 
8. 0.375 = Go = 402 = 375% 
9. 15 =p x 80 0. 2-3 
is _ PX 80 “4 6 
80 80 x:6=4:3 
15 : 
3 = P ek 
0.1875 = p 6 6 
18.75% = p x= 


11.4 12.2 13. 48.67km/h 14, 60.75 mi/hr, or 60.75 mph 
15.40 16.9 17. 4.32 18. 4 19. 49.917 ¢/oz 

20. 11.611¢/oz 21. 0.28 22. 0.0015 23. 0.05375 
24.2.4 25.71% 26.9% 27. 38.91% 28. 18.75%, or 
183%  29.0.5% 30. 74% 31. 600% 32. 83.3%, or 835% 
33.56 34. ch, «35. Gop 436. § ~«—-37. 62.5%, or 625% 

38. 45% 39.58 40. 16.6%, or 165% 41. 2560 

42. $50 43. 0.05%, 0.1%, 3%, 1%, 5%, 10%, yas, 0.275, 7, a5 

44. B 45. Some will say that the conversion will be done 
most accurately by first finding decimal notation. Others will 
say that it is more efficient to become familiar with some or all 
of the fraction and percent equivalents that appear inside 

the back cover and to make the conversion by going directly 
from fraction notation to percent notation. 46. Since 

40% + 10 = 4%, we can divide 36.8 by 10, obtaining 3.68. Since 
400% = 40% X 10, we can multiply 36.8 by 10, obtaining 368. 
47. The student’s approach will work. However, when we use 
the approach of equating cross products, we eliminate the need 
to find the least common denominator. 48. They all represent 
the same number. 


Translating for Success, p. 308 


lJ 2M 3N 4E 5G 6H 72.0 8C 
9.D 10. B 


Exercise Set 4.6, p. 309 


1. South Korea: 62,381 students; Japan: 35,272 students 

3. $46,656 5. 140items 7. 940,000,000 acres 9. $36,400 
11. 74.4 items correct; 5.6 itemsincorrect 13. Egypt: 
24,596,374; United States: 62,315,472 15. About 17.3% 

17. $230.10 19. About 612,000 fast-food cooks 21. Alcohol: 
43.2 mL; water: 496.8mL 23. Air Force: 25.2%; Army: 36.5%; 
Navy: 25.3%; Marines: 13.0% 25.5% 27.15% 29. About 
34.7% 31. 334% 33. About 49.5% 35. About 59% 

37. About9.5% 39. 34.375%, or 343% 41. 15,081; 2.5% 
43. 5,130,632; 20.2% 45. 1,466,465;13.3% 47. 1.0% 

49. 2.27 50.044 51.3.375 52.4.7 53. 0.92 54. 0.83 
55. 0.4375 56. 2.317 57. 3.4809 58. 0.675 59. $42 


Chapters 3-4 A-7 


Exercise Set 4.7, p. 320 


1. $9.56 3. $1.62 5. $11.59;$171.39 7. 4% 

9. $5600 11. $116.72 13. $276.28 15. $194.08 

17. $2625 19.12% 21. $1380 23.15% 25. $355 
27. $30;$270 29. $125;$112.50 31. 40%; $360 

33. $849;21.2% 35.0.5 36. 2.09 37. 0.916 

38. 1.857142 39. 2.142857 40. 1.583 

41. 4,030,000,000,000 42. 5,800,000 43. 42,700,000 
44. 6,090,000,000,000 45. $17,700 


Calculator Corner, p. 326 
1. $16,357.18 2. $12,764.72 


Exercise Set 4.8, p. 329 

1. $8 3. $113.52 5. $925 7. $671.88 9. (a) $147.95; 
(b) $10,147.95 11. (a) $84.14; (b) $6584.14 13. (a) $46.03; 
(b) $5646.03 15. $441 17. $2802.50 19. $7853.38 

21. $99,427.40 23. $4243.60 25. $28,225.00 

27. $9270.87 29. $129,871.09 31. $4101.01 

33. $1324.58 35. Interest: $20.88; amount applied to 
principal: $4.69; balance after the payment: $1273.87 

37. (a) $98; (b) interest: $86.56; amount applied to principal: 
$11.44; (c) interest: $51.20; amount applied to principal: $46.80; 
(d) At 12.6%, the principal is reduced by $35.36 more than at the 
21.3% rate. The interest at 12.6% is $35.36 less than at 21.3%. 

39. Reciprocals 40. Divisibleby6 41. Additive 

42. Quotient 43. Perimeter 44. Divisible by3 

45. Prime 46. Proportional 47. 9.38% 


Summary and Review: Chapter 4, p. 332 


Concept Reinforcement 
1. True 2. True 3. True 4. False’ 5. True 


Important Concepts 


1.4 2. $7.50/hr 3. Yes 4.2 5, 175 mi 

6. 0.62625 7. 63.63%, or 635% 8. 35 9. 4.16%, or 42% 
10. 10,000 11. About15.3% 12.6% 13. $185,000 

14. Simple interest: $22.60; total amount due: $2522.60 

15. $6594.26 


Review Exercises 

We Stee Sep “eae Se ip or 33 

(b) 5880, or? 6.3 «7. 7; «8. 26mpg 

9. 6300 revolutions/min 10. 0.638 gal/ft® 11. Yes 

12. No 13.32 14.7 15. a 16. 24 

17. 27 circuits 18. (a) 267 Canadian dollars; (b) 46.82 U.S. 
dollars 19. 832mi 20. 27acres 21. About 3,418,140 lb 
22. 6in. 23. About 13,644lawyers 24. 0.04; 0.144 

25. 0.621;0.842 26. 170% 27. 6.5% 

28. 37.5%, or 373% 29. 33.3%, or 334% 30. # 


31. 73, 32. 30.6 = p X 90;34% 33. 63 = 84% Xx b;75 
24 «16.8 


34. a = 384% X 168;64.68 35. —~ =——;70 
100 ob 
42 oN 105 a 
. = +140 = 38.82 
sae as i 


38. 178 students; 84students 39. 46% 40. 2500 mL 
41.12% 42.92 43.$24 44.6% 45. 11% 

46. $42;$308 47. 14% 48. $2940 49. About 18.3% 

50. $36 51. (a) $394.52; (b) $24,394.52 52. $7575.25 

53. $9504.80 54. (a) $129; (b) interest: $100.18; amount 
applied to principal: $28.82; (c) interest: $70.72; amount applied 
to principal; $58.28; (d) At 13.2%, the principal is decreased by 
$29.46 more than at the 18.7% rate. The interest at 13.2% is 
$29.46 less than at 18.7%. 55. C 56. C 57. About 19% 
58. Finishing paint: 11 gal; primer: 16.5 gal 


A-8 Answers 


Understanding Through Discussion and Writing 


1. A 40% discount is better. When successive discounts are 
taken, each is based on the previous discounted price rather 
than on the original price. A 20% discount followed by a 22% 
discount is the same as a 37.6% discount off the original 

price. 2. In terms of cost, alow faculty-to-student ratio is less 
expensive than a high faculty-to-student ratio. In terms of 
quality of education and student satisfaction, a high faculty- 
to-student ratio is more desirable. A college president must 
balance the cost and quality issues. 3. No; the 10% discount 
was based on the original price rather than on the sale price. 

4. Let S = the original salary. After both raises have been given, 
the two situations yield the same salary: 1.05 - 1.1S = 

1.1 - 1.05S. However, the first situation is better for the wage 
earner, because 1.1S is earned the first year when a 10% raise is 
given while in the second situation 1.05S is earned that year. 

5. For anumber n, 40% of 50% of n is 0.4(0.57), or 0.2n, or 20% 
of n. Thus taking 40% of 50% of a number is the same as taking 
20% ofthe number. 6. The interest due on the 30-day loan 
will be $41.10 while that due on the 60-day loan will be $131.51. 
This could be an argument in favor of the 30-day loan. On the 
other hand, the 60-day loan puts twice as much cash at the 
firm’s disposal for twice as long as the 30-day loan does. This 
could be an argument in favor of the 60-day loan. 


Test: Chapter 4, p. 340 

1. (41a) 2. (4.1al$## 3. [4dal 2 4. [4.1a) 3 

5. [4.1b] 1} servings/Ib 6. [4.1b]32mpg 7. [4.1c] Yes 

8. [4.1c] No 9. [4.1d] 100 10. [4.1d] 360 

11. [4.le]525mi 12. [4.le] (a) 3501.45 Hong Kong dollars; 
(b) $102.17 13. [4.le] About $59.17 14. [4.le] 4.8 min 

15. [4.2b] 0.147 16. [4.2b] 38% 17. [4.3a] 137.5% 

18. [4.3b] 33 19. [4.4a, b] a = 40% - 55; 22 

20. [4.5a, b] a = 81.25% 21. [4.6a] 16,692 kidney 
transplants; 6224 liver transplants; 2263 heart transplants 

22. [4.6a] About 611 at-bats 23. [4.6b] 6.7% 

24, [4.6a] 60.6% 25. [4.7a] $25.20;$585.20 26. [4.7b] $630 
27. [4.7c] $40;$160 28. [4.8a] $8.52 29. [4.8a] $5356 

30. [4.8b] $1110.39 31. [4.6b] Plumber: 757,000, 7.4%; 
veterinary assistant: 29,000, 40.8%; motorcycle repair: 21,000, 
14.3%; fitness professional: 235,000, 63,000 

32. [4.8b] $11,580.07 33. [4.7c] $50; about 14.3% 

34. [4.8c] Interest: $36.73; amount applied to the principal: 
$17.27; balance after payment: $2687 35. [4.4a, b], [4.5a, b] B 
36. [4.1b]C 37. [4.7b] $194,600 38. [4.7b], [4.8b] $2546.16 


CHAPTER 5 


Exercise Set 5.1, p. 351 

1. Average: 36.5; median: 21; mode:2 3. Average: 21; median: 
18.5; mode: 29 5. Average: 21; median: 20; modes: 5, 20 
7. Average: 5.38; median: 5.7; no mode exists 

9. Average: 239.5; median: 234; mode: 234-11. 23 mpg 
13. 2.7. 15. Average: $4.19; median: $3.99; mode: 
$3.99 17.90 19. 263days 21. Bulb A: average 
time = 1171.25 hr; bulb B: average time ~ 1251.58 hr; 
bulb Bis better 23. 225.05 24. 126.0516 25. & 
26. iw 27. 118.75% 28. 68.75% 29. 51.2% 

30. 97.81% 31. a=30;b=58 33. $3475 


Exercise Set 5.2, p. 357 

1. 100 calories 3. Boca All American Flame Grilled Meatless; 
Franklin Farms Portabella Fresh; Gardenburger Portabella 

5. Average: 3.5 g; median: 3 g;mode:3g 7. Most expensive: 
Lightlife Meatless Light; least expensive: Boca All American 
Flame Grilled Meatless 9. Greatest fat: Veggie Patch Garlic 


Portabella; least fat: Franklin Farms Portabella Fresh and 
Lightlife Meatless Light 11. 92° 13. 108° 15. 85°, 60%; 
90°, 40%; 100°, 10% 17. 90°andhigher 19. 30% and higher 
21. 90% — 40% = 50% 23. 483,612,200 mi 25. Neptune 
27. All 29. 11Earthdiameters 31. Average: 31,191.75 mi; 
median: 19,627.5 mi; no mode exists 33. White rhino 

35. About 1350rhinos 37. About4100rhinos 39. Cabinets: 
$13,444; countertops: $4033.20; appliances: $2151.04; fixtures: 
$806.64 40. Cabinets: $3597.55; countertops: $1276.55; labor: 
$2901.25; flooring: $696.30 


Mid-Chapter Review: Chapter 5, p. 361 


1. True 2. True’ 3. False 
60 + 45 + 115 + 15 + 35 _ 270 
4. =5 = 54 ~~ ‘5. 2.1, 4.8, 6.3, 8.7, 11.3, 


5 
14.5; 6.3 and 8.7; °24 8" = © = 7,5; the median is 7.5. 

6. Average: 83; median: 45; mode: 29 7. Average: 18.45; 
median: 13.895;no mode 8. Average: 5; median: 3 no mode 
9. Average: 126; median: 116;no mode 10. Average: $6.09; 
median: $5.24; modes: $4.96 and $5.24 11. Average: ais 
median: i; nomode_ 12. Average: 6; median: 7; 
modes:5and7 13. Average: 38.2; median: 38.2; no 

mode 14. 80z 15.6% 16. Hershey’s Special Dark 
chocolate bar 17. 70z 18. Nabisco Chips Ahoy cookies 
19. 90 guns per 100 civilians 20. 60 more guns per 

100 civilians 21. 45 guns per 100 civilians; 55 guns per 

100 civilians 22. India 23. 47.5 guns per 100 civilians 

24. 50 guns per 100 civilians 25. At an average speed of 

20 mph, the trip would take 13 hr (30 mi + 20 mph = 1 3 hr). 
But the driver could have driven at a speed of 75 mph for a brief 
period during that time. 26. Answers may vary. Some would 
ask for the average salary since it is a center point that places 
equal emphasis on all the salaries in the firm. Some would ask 
for the median salary since it is a center point that deempha- 
sizes the extremely high and extremely low salaries. Some would 
ask for the mode of the salaries since it might indicate the salary 
you are most likely to earn. 


Exercise Set 5.3, p. 369 

1. Miniature tallbearded 3. About23.2in. 5. 16in. to 26in. 
7. Tallbearded 9. 25in. 11. 185calories 13. 1 slice of 
chocolate cake with fudge frosting 15. 1 cup of premium 
chocolate icecream 17. About125calories 19. 1950 

and 1970 21. About 175,000 bachelor’s degrees 


23. Chicago 25. Chicago, Denver, 
Denver Pittsburgh, and 
New ox San Antonio 
£ Pittsburgh 27. $43 higher 
San Antonio 29. New York City 
San Diego 31. 27 min 
U.S. average 33. 3.2 million tourists; 


%o 40 50 60 70 80 90 100 110 4.3 million tourists 


Average daily cost of adult day care 35. 2007 to 2008 
37. 9-11A.M. 39. About 300 bank crimes 
41. 18 43. 25% 45. 10.1% 
46. Natural 47. Add; 
divide 48. Simple 
49. Marked price; rate of 


estimated to live beyond 65 


15 discount; discount; sale 

i price 50. Compound 
51. Repeating 

7 52. Subtrahend 


Average number of years men are 


1980 1990 2000 2010 2020 2030 53. Terminating 


Year 
Translating for Success, p. 376 


1D 2B 3jJ 4k 51 6F 2N BE 
9.L 10.M 


Exercise Set 5.4, p. 377 
1.11% 3. 93,750students 5. Japan 7.18% 9. 38%, 


or about 390 people 
11. Family/friends Other 
5% 5% 
Internet 
15% 
College 
Local bank 57% 
18% 
13. 
50+ 
23% 
26-49 Leute 
57% 5% 


18-25 
15% 


Summary and Review: Chapter 5, p. 379 


Concept Reinforcement 
1. False 2. True 3. True 


Important Concepts 


1. Average: 8; median: 8;mode:8 2. Quaker Organic Maple & 
Brown Sugar; $0.54 perserving 3. 12g 4. Arrowhead 
Stadium and Candlestick Park 5. About $110 million more 

6. 80 yrandolder 7. 27% 


Review Exercises 


1.385 2.134 3.1.55 4 1840 5.$166 6. 321.6 
7.96 8. 28mpg = 9. 3.1 10. 38.5 11.14 12. 1.8 
13. 1900 14. $17 15.375 16. Average: $260; median: 
$228 17.26 18. lland17 19.0.2 20. 700and 

800 21. $17 22. 20 23. Battery A: average ~ 43.04 hr; 
battery B: average = 41.55 hr; battery Ais better. 24. $30.37 
25. $10.85 26. $3.76 27. 18champions 28. 30-34 years 
29. 19morechampions 30. 2004, 2007,2008 31. 60% 
32. About52% 33. 2006 34. 2001 35. 2007 

36. 2001, 2004, 2009 37. 2004,2009 38. 24 higher 

39. 281 40. 283 41. 36% 42. Marines 

43. 350,000 44. 10%more 45.D 46.A 

47. 


50 


(in cents) 
w 
$s 
i ns a a Ga 


Cost of first-class postage 


1995 1999 2001 2002 2006 2007 2008 2009 
Year 


er s2> ane 


48. 


(in cents) 


Cost of first-class postage 


1995 1999 2001 2002 2006 2007 2008 2009 
Year 


49. PGA Champions by Age 
35-39 years 
25-29 years 22% 
20% 
30-34 years 
44% 
20-24 years 
8% 40+ years 


6% 


50. a = 316, b = 349 


Chapters 4-5 A-9 


Understanding Through Discussion and Writing 


1. The equation could represent a person's average income 
during a 4-yr period. Answers may vary. 2. Bar graphs that 
show change over time can be successfully converted to line 
graphs. Other bar graphs cannot be successfully converted to 
line graphs. 3. Wecanuse circle graphs to visualize how the 
numbers of items in various categories compare in size. 

4. A bar graph is convenient for showing comparisons. A line 
graph is convenient for showing a change over time as well as to 
indicate patterns or trends. The choice of which to use to graph 
a particular set of data would probably depend on the type of 
data analysis desired. 5. The average, the median, and the 
mode are “center points” that characterize a set of data. You 
might use the average to find a center point that is midway 
between the extreme values of the data. The median is a center 
point that is in the middle of all the data. That is, there are as 
many values less than the median as there are values greater 
than the median. The mode is a center point that represents the 
value or values that occur most frequently. 6. Circle graphs 
are similar to bar graphs in that both allow us to tell at a glance 
how items in various categories compare in size. They differ in 
that circle graphs show percents whereas bar graphs show 
actual numbers of items in a given category. 


Test: Chapter 5, p. 385 


1. [5.la}49.5 2. [5.laJ2.6 3. [5.la] 15.5 

4. [5.1b, c] 50.5;no mode exists 5. [5.1b,c] 3; 1 and3 
6. [5.1b,c] 17.5;17and18 7. [5.la] 33 mpg 

8. [5.la] 76 9. [5.la] 2.9 10. [5.1d] Bar A: 

average ~ 8.417; bar B: average ~ 8.417; equal 

quality 11. [5.2a)179lb 12. [5.2a] 5 ft3 in; 
medium frame 13. [5.2a)/9lb 14. [5.2a] 32 1b 

15. [5.2b] Spain 16. [5.2b] Norway and the United 
States 17. [5.2b] 900 lb 18. [5.2b] 1000 lb 


19. [5.3b] 80 
70 
Zs 60 
oo 
el BO [steiseedgiaenctaanc 
3) 
EE 
Eo 
S30 
aE 
S20 fetter esol oe ffi fad aia 
10 
wa 
s RC & s SF Fo & 
FO OM Vv SS 
a 8 se & ors 
ws 


Animal 
20. [5.2a], [5.3a]61mph 21. [5.2a], [5.3a] No; the zebra can run 
12mphfasterthanahuman. 22. [5.1a], [5.2a], [5.3a] 41 mph 
23. [5.1b], [5.2a], [5.3a]42.5mph 24. [5.3c] 53% 
25. [5.3c] 41% 26. [5.3c] 1967 27. [5.3c] 2006 
28. [5.3b] 450 


Number of books 


A-10 Answers 


450 


29. [5.3d] 


Number of books 
3 
o 


SW a gS gh Sh 
¢ SS 


eS Ss > 
Se” ss 
SLs & AS s 
Day 
30. [5.4b] Fruits and 
vegetables 
17% Meats, 
poultry, fish, 
Cereals and and eggs 
bakery 23% 
13% 
Dairy 
products Other 
11% 36% 


31. [54a] C 32. [5.la,b] a = 74,b = 111 


CHAPTER 6 

Exercise Set 6.1, p. 397 

1. é ni GH, HG 

3. —— QD 5. DE, ED, DF, FD, EF, FE, 1 


7. Angle GHI, angle IHG, ZGHI, ZIHG,or ZH 9. 10° ‘11. 180° 
13. 130° 15. Obtuse 17. Acute 19. Straight 

21. Obtuse 23. Acute 25. Obtuse 27. Not perpendicular 
29. Perpendicular 31. Scalene; obtuse 33. Scalene; right 
35. Equilateral; acute 37. Scalene;obtuse 39. Quadrilateral 
41. Pentagon 43. Triangle 45. Pentagon 47. Hexagon 
49. 1440° 51. 900° 53. 2160° 55. 3240° 57. 46° 

59. 120° 61. 43° 63. $160 64. $22.50 65. $148 

66. $1116.67 67. $33,597.91 68. $413,458.31 

69. $641,566.26 70. $684,337.34 71. mZACB = 50°; 
mZCAB = 40°; mZEBC = 50°; mZEBA = 40°; mZAEB = 100°; 
mZADB = 50° 


Exercise Set 6.2, p. 404 

1. 17mm © 3. 15.25in. 5. 18km_ 7. 30ft 9. 16 yd 
11. 88ft 13. 182mm _ 15. 27ft 17. 122cm 

19. 172in.,or14ft4in. 21. (a) 228 ft; (b) $1046.52 

23. $19.20 24. $96 25.1000 26. 1331 27. 225 

28. 484 29.49 30.64 31.5% 32.11% 33. 64in. 


Exercise Set 6.3, p. 412 

1.15km? 3. 14in? 5. 6+yd? 7. 8100ft? 9. 50ft? 
11. 169.883cm? 13. 412 in? 15. 484 ft? 17. 3237.61 km? 
19. 28% yd? 21. 32cm? 23. 6Oin? =—-25..:104 ft? 

27. 45.5in? 29. 8.05cm2 31. 297cm2 33. 7m2 

35. 1197m2 37. (a) About 8473 ft?; (b) about $102 

39. 630.36 ft? 41. (a) 819.75 ft?; (b) 3 gal; (c) $74.85 

43. 80cm2 45. 675cm2 47. 21cm” 49. 144 ft2 

51. Three 52. Parallel 53. Perpendicular 54. Prime 
55. Angle 56. Cents;dollars 57. Perimeter 

58. Multiplicative; additive 59. 16,914 in? 


Calculator Corner, p. 419 
1. Lefttothe student 2. Left to the student 


Exercise Set 6.4, p. 422 
1. 14cm; 44cm; 154cm* 3. 13.in., 42 in. 1 Bin? 
5. 16 ft; 100.48 ft; 803.84 ft? 7. 0.7 cm; 4.396 cm; 1.5386 cm2 


9. Diameter: 12.74 ft; circumference: about 40 ft; area: about 
127.41 ft; about 46.67 ft? larger than the medium net and about 
19.76 ft? larger than the large net 11. About 30.96 in? larger 
13. About 24,889 mi 15. Maximum circumference of barrel: 
8 4 in.; minimum circumference of handle: 2 34 in. 

17. 65.94 yd2 19. 45.68ft 21. 26.84yd 23. 45.7 yd 

25. 100.48m2 27. 6.9972cm2 29. 64.4214in? 31. 16 
32. 289 33. 37.5%, 0r 373% 34. 66.6%, or 663 % 

35. 51b 36. $730 37. 43,560 ft2; 1311.6 ft; $599.96 

39. 43,595.47395 ft?; 739.9724 ft; $449.97 

Al. 43,560 ft2; 844 ft; $449.97 


Mid-Chapter Review: Chapter 6, p. 426 


1. True 2. True 3. False 4. True 
5.A=3-12cm-8cm 6. C¥ 3.14- 10.2in. 
12° 8 2 C = 32.028 in.; 


saa, eh 
Sem’,or48cm? =A ~ 3.14- 5. Lin. - 5.1in. 

A = 81.6714 in? 
7. 3060° 8. 15° 9. Hexagon 10. Scalene; right 
11. Isosceles; obtuse 12. Equilateral;acute 13. 76mm 
14, P= 50$ft;A = 160¢ft2 15. 800in2 16. 2 yd? 
17. 66km* 18. C = 43.96in.; A = 153.86 in” 
19. C = 27.004cm;A = 58.0586cm2 20. Areaofa circle 
with radius 4 ft: 16 - a ft”; Area of a square with side 4 ft: 16 ft?; 
Circumference of a circle with radius 4 ft: 8 - a ft; Area of a 
rectangle with length 8 ft and width 4 ft: 32 ft?; Area of a triangle 
with base 4 ft and height 8 ft: 16 ft?; Perimeter of a square with 
side 4 ft: 16 ft; Perimeter of a rectangle with length 8 ft and 
width 4 ft:24ft 21. The area ofa 16-in.-diameter pizza is 
approximately 3.14 - 8in. - 8in., or 200.96 in. At $16.25, its 


A= 
A= 


unit price is aaine or about $0.08/in2. The area of a 10-in.- 
in 

diameter pizza is approximately 3.14 - 5in. - 5in., or 78.5 in?. 

or $0.10/in*. Since the 16-in.- 


5 in?” 
diameter pizza has the lower unit price, it is a better buy. 
22. No; let /and w represent the length and the width of the 
smaller rectangle. Then 3 - /and 3 - wrepresent the length and the 
width of the larger rectangle. The area of the first rectangle is / - w, 
but the area ofthe secondis3 -1-3-w=3:3-l-w=9:-l-w, 
or 9 times the area of the smaller rectangle. 23. Yes; let s 
represent the length of a side of the larger square. Then 58 
represents the length of a side of the smaller square. The 
perimeter of the larger square is 4 - s, and the perimeter of the 
smaller square is 4 - $s = 2s, or the perimeter of the larger 
square. 24. Forarectangle with length / and width w, 
P=l+wt+l+w 

=(1+w)+(l+w) 

=2-(1+ w). 
We also have 

P=l+wt+lt+w 

=(1+1)+(wt+w) 

=2-1+2-w. 
25. See p. 408 of the text. 26. No; let r = radius of the 
smaller circle. Then its area is 7 - r- r, or wr. The radius of the 
larger circle is 2r, and its area is 7 - 2r- 2r, or 4mr2, or 4+ mr. 
Thus the area of the larger circle is 4 times the area of the 
smaller circle. 


At $7.85, its unit price is . 


Exercise Set 6.5, p. 434 

1. 768cm?;512cm2 3. 45in®;87in2 5. 75 m3; 145 m2 
7. 357;yd°; 3115 yd? 9. 803.84in? ~—-11. 353.25 cm3 
13. 41,580,000 yd? 15. 4,186,666.67in® ~=17. 124.72 m9 


19. 195072 ft? 21. 113,982 ft? 23. 24.64cm> 25. #yd3 
27. 4747.68cm? 29. About 904 ft? 31. 143.72 cm3 

33. 259,988,380,000 mi? 35. About77.7in® 37. 61,600 m2 
39. 5832yd> 41. 646.74cm? 43. £44. 45. Bh 
46.5 47.5 48.2 49. 50.3 51.2 52. a4 

53. ap 4054. § «55. 1064 mi? 56. 24,360 mi? 

57. 260.4ft 58. 1087.8mi? 59. 3540.68 km? 

61. 0.477 m3 


To ci WO 


Exercise Set 6.6, p. 447 


1.79° 3. 23° 5. 32° 7. 61° 9. 177° Ii. 41° 

13. 95° 15. 78° 17. Notcongruent 19. Congruent 

21. mMZ2 = 67°, MZ3 = 33°,mZ4 = 80°, MZ6 = 33° 

23. (a) Zl and 43, 22 and 44, 28 and 46, 27 and 45; 

(b) 22, 23, 26, and £7; (c) 22 and 46, 73 and Z7 

25. mZ6 = mZ2 = mZ8 = 125°,mZ5=mZ3=mMZ7 = 

mZ1 = 55° 27. ZABE = ZDCE,95°; ZBAE = ZCDE; 
AEB = ZDEC; ZBED = ZAEC 29. ZAEC = ZDCE, 50°; 
ZBED = ZEDC,41° 31. “,orll} 32. 729, or 16} 

33.118 34. 4 orl42 


Exercise Set 6.7, p. 456 

1. ZA = ZR, ZB = ZS, ZC = ZT; AB = RS, AC = RT, 

BC=ST 3. 2D = ZG,ZE = 4H, ZF = ZK; DE = GH, 

DF = GK, EF=HK 5. ZX = 4U,4Y = ZV,2Z = LW; 

XY = UV, XZ = UW, YZ = VW 7. ZA = ZF, ZC = ZD, 

ZB = ZE,AC = FD,AB = FE,CB = DE 9. ZM= ZQ, 
N = ZP, ZO = ZS; MN = QP, MO = QS, NO = PS 

11. No 13. Yes 15. Yes 17. No 19. Yes 21. Yes 

23. Yes 25. Yes 27. Yes 29. ASA’ 31. SAS 

33. SSSorSAS 35. PR = TR,SR = QR, ZPRQ = ZTRS 

(vertical angles); APRQ = ATRS by SAS 

37. m ZGLK = m ZGLM = 90°, ZGLK = ZGLM, GL = GL, 

KL = ML; AKLG = AMLG bySAS 39. AE = CD, 

AB = CB, EB = DB; AAEB = ACDB by SSS 

41. ALKH = AGKJ by SAS; ZHLK = ZJGK, ZLHK = ZGJK, 

LH=GJ_ 43. APED = APFGby ASA. As corresponding 

parts, EP = FP; thus Pis the midpoint of EF. 

45. mZA = 70°,mZD = mZB = 110° 

47. MZM = 71°,mZJ =mZL= 109° 49. TU = 9, NU = 15 

51. KL = 33,ML=JK=75 53. AC = 28, ED = 38 

55. 45.2% 56. 335% 57.55% 58. 88% 59. 25; 3H 

60. 3;3 61.11.75 62. 2.34 63. 0.234 64. 0.0234 

65. 13.85 


Translating for Success, p. 466 


lk 2G 3B 4H 50 6M 72.E 8A 
9.D 10. 1 


Exercise Set 6.8, p. 467 
1 ZR ZA, ZS< ZB, ZT ZC, RS AB, RT AC, ST BC 
3. ZC LW, ZB ZJ, ZS <— ZZ, CB WY, CS = WZ, BS <3 JZ 


AB AC _ BC 
5. ZA = ZR, ZB = £8, ZC = LT; 50 = pn op 
_ME_ MS _ ES 


7. 2M = 46,ZE = ZL, ZS = ZF; 


PS SQ __ PQ 
“ND DM NM “GF GC FC 
13. QR=10,PR=8 15. EC=18 17. 36ft 19. 100ft 
21. or292 22. 0.244 «23. 78 = «24. 61.1611 


CL CF LF 
TA TW_ AW 


9 11 


Summary and Review: Chapter 6, p. 469 


Concept Reinforcement 
1. True 2. False 3. False 4. True’ 5. True 


Chapters 5-6 A-11 


Important Concepts 

1. Angle WAQ, angle QAW, ZWAQ, ZQAW, or ZA; 26° 

2. (a) Straight; (b) acute; (c) obtuse; (d) right 

3. (a) Isosceles, right; (b) equilateral, acute; (c) scalene, acute; 
(d) scalene, obtuse 4. 87° 5. 1260° 6. 27.8 ft; 46.74 ft? 
7.15.5m? 8. 8.75ft? 9. 80m? 10. 37.68 in. 

11. 616cm? 12. 1683.3m> 13. 302 ft? 

14, 1696.537813 cm? —-15._ 26.49375 ft? 

16. Complement: 52°; supplement: 142° 

17. mMZ7 = 60°; mZ9 = 55°;m 210 = 60°; Z11 = 65° 

18. mZ4 = mZ1 = mZ8 = 105°; 
mZ6=mZ3=mZ2=mZ7= 75° — 19. (a) SAS; 

(b) ASA 20. BC = 45.5, AB = DC = 73;m ZA = 30°, 
mZB=mZD= 150° 21. ZA = 15 and AT = 30 


Review Exercises 


1.54° 2. 180° 3. 140° 4. 90° 5. Acute 6. Straight 
7. Obtuse 8. Right 9. 60° 10. Scalene 11. Right 
12. 720° 13. 23ft 14.44m _ 15. 228 ft; 2808 ft? 

16. 36ft;81ft2 17. 17.6cm;12.6cm2 18. 60cm? 

19. 35mm? 20. 22.5m? 21. 29.64yd* 22. 88m? 
23. 1452in? 24. 840ft? 25.8m _ 26. tin. orl Zin. 
27. 14ft 28. 20cm 29. 50.24m_ 30. 8in. 

31. 200.96m? 32. 5in? 33. 1038.555 ft? 

34, 26.28 ft?; 20.28 ft 35. 93.6 yd; 150m? 

36. 193.2cm3;240.4cm2 37. 31,400ft? 38. 33.493 cm? 
39. 4.71in®? 40. 942cm?) 41. 49° 42. 8° = 43. 85° 
44. 147° 45. 47° 46. mZ2 = 105°, mZ3 = 37°, 

mZA4 = 38°,mZ6 = 37° 47. (a) Zl and 45, 74 and 48, 

3 and Z7, 22 and 46; (b) 24, 25, 22, and 27; (c) 24 and Z7, 
Z2and45 48 mZ1=mZ3=mZ7 = mZ5 = 45°, 
mZ6=mZ2=mZ8= 135° 49. 2D = ZR, ZH = ZZ, 
ZJ = ZK; DH = RZ,DJ = RK, HJ = ZK 50. ZA= ZG, 

ZB = ZD,ZC = ZF, AB = GD,AC = GF,BC = DF 51. ASA 
52. SSS 53. None 54. J = KJ, ZHJI = ZUK, 

HI] = ZLKJ; AJIH = AJKL by ASA 
55. mZC = 63°, mZB = mZD = 117°; BC = 23, CD = 13 

CQ CW QW 
56. ZC = ZF,ZQ = ZA, ZW= Sa Se oa 
57. MO=14 58. B 59. B_ 60. 100 ft? 

61. 7.83998704 m2 62. 47.25 cm? 


Understanding Through Discussion and Writing 


1. Add 90° to the measure of the angle’s complement. 

2. This could be done using the technique in Example 8 of 
Section 6.5. We could also approximate the volume with the 
volume of a similarly shaped rectangular solid. Another method 
is to break the egg and measure the capacity of its contents. 

3. Linear measure is one-dimensional, area is two-dimensional, 
and volume is three-dimensional. 

4. Divide the figure into 3 triangles. 


The sum of the measures of the angles of each triangle is 180°, 
so the sum of the measures of the angles of the figure is 3 - 180°, 
or 540°. 5. The volume of the cone is half the volume of the 
dome. It can be argued that a cone-cap is more energy-efficient 
since there is less air under it to be heated and cooled. 

6. Volume of two spheres, each with radius r: 2($ mr) = Bars; 
volume of one sphere with radius 2r: $7(2r)? = 2 7r°. The 
volume of the sphere with radius 27 is four times the volume of 
the two spheres, each with radius r: 4 ar3 = 4 - 2ar3. 


A-12 Answers 


Test: Chapter 6, p. 481 

1. [6.1b] 90° 2. [6.1b] 35° 3: [6.1b] 180° 

4. [6.1b] 113° 5. [6.1c] Right 6. [6.1c] Acute 

7. [6.1c] Straight 8. [6.1c] Obtuse 9. [6.1f] 35° 

10. [6.le] Isosceles 11. [6.le] Obtuse 12. [6.1f] 540° 
13. [6.2a], [6.3a] 32.82 cm; 65.894 cm2 

14, [6.2al, [6.3a] 195 in.; 23 2 in? 

15. [6.3b] 25cm2 16. [6.3b] 12m? 17. [6.3b] 18 ft2 

18. [6.4a]fin. 19. [64a]9cm 20. [6.4b] tin. 

21. [6.4c] 254.34cm2 22. [6.4d] 65.46 km; 103.815 km2 
23. [6.5a] 84cm3;142cm2 24. [6.5e] 420 in® 

25. [6.5b] 1177.5 ft? 26. [6.5c] 4186.6 yd? 

27. [6.5d] 113.04cm? 28. [6.6a] Complement: 25°; 
supplement: 115° 29. [6.6c] mZ2 = 110°, mZ3 = 8°, 
mZA4 = 62°,mZ6 = 8° 30. [6.6d] mZ6 = mZ2 = 

m Z8 = 120°,mZ5 = mZ3 = mZ7 = mZ1 = 60° 

31. [6.7a] ZC = ZA, ZW = ZT, ZS = ZZ, CW = AT, 

WS = TZ,SC = ZA 32. [6.7a] SAS 33. [6.7a] None 

34. [6.7a] ASA 35. [6.7a] None 36. [6.7b] ZG = 105°, 
mZD = mZF = 75°; EF = 11, DE = GF = 20 

37. [6.7b] L) = 6.4,KM=6 _ 38. [6.8a] ZE = ZT, ZR = ZG, 
ER RS SE 

‘Ge Gas aE 39. [6.8b] EK = 18, ZK = 27 
40. [6.5c]D 41. [6.3a] 2 ft? 42. [6.3b] 1.875 ft? 

43. [6.5a] 0.65ft? 44. [6.5d] 0.033 ft? 45. [6.5b] 0.055 ft? 


CHAPTER 7 


Exercise Set 7.1, p. 490 


1. 32 min; 69 min; 81min 3. 1935m2 5. 260 mi 
7. 24ft?2 9.56 11.8 13.1 15.6 17.2 
19.b+7,or7+b 21.c—12 23. q+4,0r4+q 


x 1 
25.a+b,orb+a_ 27. wa ar a care 


29.x+w,orw+x 31ln-m 33. x+ y,ory+x 
35. 2z 37.3m 39. 4a+6,or6+ 4a 41. xy-8 
43. 2t-—5 45. 3n+1l,orll+3n 47. 4x + 3y, or 
3y + 4x 49. 89%s, or 0.89s, where s is the salary 
51. s+ 0.05s 53. 65tmiles 55. $50—x 57. $8.50n 
59. 2:3-3-3 60.2-2-2-2:-2 61.2-2-3-3:-3 
62.2-2-2:2:2:-2-3 63.3-11-31 64. 18 

65. 96 66.60 67.96 68. 396 69. + 71. 0 


Calculator Corner, p. 497 


1. 8.717797887 2. 17.80449381 3. 67.08203932 
4. 35.4807407 5. 3.141592654 6. :91.10618695 
7. 530.9291585 8. 138.8663978 


Calculator Corner, p. 498 


1. -0.75 2. -0.45 3. —-0.125 4. —-1.8 5. —0.675 
6. —0.6875 7. -3.5 8. —0.76 


Calculator Corner, p. 500 
1.5 2.17 3.0 4648 5.12.7 6.09 7. 3 8. 


Exercise Set 7.2, p. 502 


1. —282 3. 24;-—2 5. 3,600,000,000; —460 
7. Alley Cats: —34; Strikers: 34 


9. 10 ll. -5.2 
3 t-e—_—_++_| +++ +++ ++ 
a Co SRC) eT —6-5—4-3-2-10123456 
—6-5-4-3-2-10123456 
13. -42 15. —0.875 17. 0.83 


é 
19. -116 21.06 23.0.1 25. —-0.5 27. 0.16 


33.< 35.< 37> 39< 41> 
47,.> 49.< 51.< 53. x<-6 

57. False 59. True 61. True 

67.10 69.0 71.304 73. 4 

75.0 77. 2.65 79.7% 80. 0.238 81. 0.63 

82. 0.2276 83. 1.1 84. 125% — 85, 52% 86. 59.375 

0r592% 87. 83.3%, or 833% 89. —3,—2,-4,-2, -3, 35) 

91. —100, —8/, -83, —%2, —5, 0, 1’, i318 4, | 6|,7! 93. + 


29. > 31. < 
43. < 45. < 
55. y= —10 

63. False 65. 3 


%, 
29 
3°78 


Exercise Set 7.3, p. 510 


1-7 3-6 5.0 7-8 9-7 11. -27 
13.0 15.-42 17.0 19.0 21.3 23. -9 
25.7 27.0 29.35 31. -3.8 33. -81 35. -} 
it 3 19 il 8 16 
37. - 39.-3 41.-# 43.2 45.2 7, 18 
49.37 51.50 53. -1409 55. —24 57. 26.9 


59. -8 61.3 63. -43 65.4 67.24 69.2 


71. 13,796 ft 73. —3°F 75. —$20,300 77. He owes $85. 
79. 0.713 80. 0.92875 81. 12.5% 82. 40.625% 83. 8 
84. ri 85. All positive numbers 87. B 

Exercise Set 7.4, p. 516 

1-7 3.-6 50 7-4 9-7 I1. -6 = 13.0 
15.14 17.11 19. -14 21.5 23. -1 25. 18 


27. -3 29. —21 
39. -—68 41. —-73 43. 116 


31.5 33.-8 35.12 37. -23 
45.0 47.-1 49.4 


51.-% 53.4 55.199 57. -8.6 59. —0.01 

61. -193 63.500 65. -28 67. —3.53 69. —} 
71.8 73.-% 75-2 77.-§ 79.-2@ 81. 37 
83. —62 85. -139 87.6 89. 1085 91. } 

93. 2319m 95. $347.94 97. 5676ft 99. 381 ft 

101. 1130°F 103. 100.5 104. 226 = 105. 13 

106.50 107.15 108 4 109. False;3 -040-3 
111. True 113. True 


Mid-Chapter Review: Chapter 7, p. 520 
1. True 2. False 3. True 4. False 
5. —x = —(-4) =4; 

hee Ge a.) ates Go ele. 
6.5 -13=5+(-13)=-8 7. -6-7=-6+(-7)=—13 
8 4 9.11 10.3y Il n—-—5S- 12, 450;—-79 | 
13. -3.5 14. -0.8 15.23 16< 
~6-5-4-3-2-10 123456 
17. > 18. False 19. True 20. 5>y 
22. 15.6 23.18 24.0 25. 26. 5.6 
28.0 29.49 30.19 31. a 32. —2 
34.0 35. —-17 36. -# 37. —8.1 38. -9 39. —2 
40. -104 41.16 42.4 43.-12 44.-4 45, -4 
46. -18 47.13 48.9 49. —-23 50.75 51. 14 
52. 33°C 53. $54.80 54. Answers may vary. Three 
examples are £, —23.8, and 2. These are rational numbers 


a 
because they can be named in the form Db where a and b are 


integers and bis not 0. They are not integers, however, because 
they are neither whole numbers nor the opposites of whole 
numbers. 55. Answers may vary. Three examples are 77, — V7, 
and 0.31311311131111. . . . Irrational numbers cannot be 
written as the quotient of two integers. Real numbers that are not 
rational are irrational. Decimal notation for rational numbers 
either terminates or repeats. Decimal notation for irrational 
numbers neither terminates nor repeats. 56. Answers may 
vary. If we think of the addition on the number line, we start at 0, 
move to the left to a negative number, and then move to the left 
again. This always brings us to a point on the negative portion of 
the number line. 57. Yes; consider m — (—n), where both 
mand nare positive. Then m — (—n) = m+n.Nowm + n, 
the sum of two positive numbers, is positive. 


Exercise Set 7.5, p. 526 


1-8 3.-48 5.-24 7.-72 9.16 11. 42 
13. -120 15. -238 17.1200 19.98 21. —72 

23. -124 25.30 27. 21.7 29.-2 31.4 

33. -17.01 35. -3 37.420 39.2 41. —60 

43.150 45.-A 47.1911 49.504 51.74 53. —960 
55. 17.64 57. —zaz 59.0 61. —720 63. —30,240 
65.1 67. 16,-16;16,-16 69. 441;-147 71. 20;20 
73. -2;2 75. -20Ib 77. -54°C 79. $12.71 

81. -32m_ 83. 38°F 85. 180 


86. 


2-2-2-2-2-2-2-2-2-3-3 87.2 98.2 a9. 6 


90.4% 91.5 92.2% 93.4 94.6 95.A 
97. x-2y -y -x x-y 2x xt+y 3x 2y 

< t t tt t t t—t i > 

0 x y 
Calculator Corner, p. 534 
1-4 2.-03 3-12 4.-95 5-12 6.2.7 
7,-2 8 -5.7 9. -32 10.-18 11.35 
12.1444 13.-2 14.-08 15.14 16.4 
Exercise Set 7.6, p. 535 
1-8 3-14 5.-3 7.3 9-8 IL2 13, -12 
15. -8 17. Notdefined 19.0 21.4 23. -# 
3b 

25.75 27.-m 29.-7.1 31.9 33. 4y 35. te 
37.4-(75) 39.8-(-%) 41. 13.9-(-75) 43. 3- (-3) 
45.x-y 47. (3x+4)(2) 49.-2 51.2 53. 5 
55. 57. 's 59. -% 61.1 63. -2 
65. -16.2 67. —-2.5 69. -1.25 71. Not defined 
73. 23.5% 75. -3.3% 77.33 78.129 79.1 
80. 1296 81. % 82. 0.477 83. 87.5% 84.5 85. } 
86. aoe 87. =} —10.5, dhe Baiprecalioh execipioeal 
is the originalnumber. 89. Negative 91. Positive 
93. Negative 


Exercise Set 7.7, p. 547 


3y 10x 2x 7 


7 4s 


* Sy 15x x2 

~nm 17. xy + 9,or9 + yx 
-(a+b)+2 
~2+ (b+ 
~(5 + w) +u,(v+5) + 
- (3x)y, W(x + 3),3 


~7+7t 
ed 47. 
: —2x+ 2y-6 
- —4x + 1l2y + 8z 


. 7(2x + 3y) 
. 6(3a— 4b) 77. -4(y — 


~ax-y-z) 91. 
. (2x — 5y + 1) 
101. 
107. 
117. 
123. 
129. 
134. 
140. 
143. 
145. 


3. 5. 7-3 9% -§ I> 1B B+y 


19. c+ ab,orba+c 
23. 8(xy) 25.a+(b+3) 27. (3a)b 
a),(2 + a) + b,(b + 2) + a; answers may vary 
w,(w + v) + 5; answers may vary 
(yx); answers may vary 
a(7b), b(7a),(7b)a; answers may vary 37. 2b + 10 
41. 30x+ 12 43. 7x + 28 + 42y 
—3x+ 21 49. 2b -—4 51. 7.3x — 14.6 
55. 45x + 54y — 72 

59. —3.72x + 9.92y — 3.41 
63. 7x, 8y,-9z 65. 2(x+2) 67. 5(6+y) 
71. 7(2t-—1) 73. 8(x — 3) 
8), or 4(—y + 8) 
81. 8(2m — 4n + 1) 
85. 2(4x + 5y—11) 87. a(x — 1) 
—6(3x — 2y — 1), or 6(—3x + 2y + 1) 
95. 6(6x, —y+3z) 97.19a 99. 9a 
8x +9z 103. 7x + 15y? 105. —19a + 88 
4t+6y—-4 109.b 111. By 113. 8x 
—l6y 119. 17a-—12b-—1 121. 4x + 2y 
7x+y 125. 0.8x+0.5y 127. 2a+3b- 42 
144 130. 72 131. 144 132. 60 133. 32 
72 135.90 136.108 137.8% 138.3 139. —% 
30% 141. Notequivalent;3-2+543-5+2 
Equivalent; commutative law of addition 
qi+r+rs + rst) 


x + 2+ 3y) 


115. 5n 


Chapters 6-7 A-13 


Calculator Corner, p. 555 


1-11 29 3.114 4. 117,649 5. —1,419,857 
6. —1,124,864 7. —117,649 8. —1,419,857 9. —1,124,864 
10.-4 Il. -2 = 12. 787 


Translating for Success, p. 556 


1.N 21 3A 4K 5.J 
6F 72M 8&B 9G 10.E 


Exercise Set 7.8, p. 557 


1. -2x-7 3.-8+x 5. —4a+ 3b- 7c 

7. -6x+ 8y-5 9. -3x+ 5y+6 11. 8x + 6y + 43 
13. 5x-—3 15. -3a4+9 17. 5x—-6 19. —19x + 2y 
21. 9y— 25z 23. —7x + 10y 25. 37a — 23b + 35c 
27.7 29. —-40 31.19 33. 12x + 30 35. 3x + 30 
37. 9x -— 18 39. —4x-—64 41. —-7 43. —-7 45. —16 
47. —334 49.14 51.1880 53.12 55.8 57. —86 
59. 37. 61. —-1 63. —-10 65. —67 67. —7988 


69. -3000 71.60 73.1 75.10 77.-2 79. -8 
81. —122 83. Integers 84. Additive inverses 

85. Commutativelaw 86. Identity property of 1 

87. Associative law 88. Associativelaw 89. Multiplicative 
inverses 90. Identity property of 0 

91. Gy — (—2x + 3a—c) 93. 6m — (—3n + 5m — 4b) 

95. —2x —f 97. (a) 52; 52; 28.130169; 

(b) —24; —24; -108.307025 99. —6 


Summary and Review: Chapter 7, p. 561 


Concept Reinforcement 
1. True 2. True 3. False 4. False 


Important Concepts 
1.144 2< 3 2 4.-85 5.-2 6.56 7. —-8 


8 + 9.2 10. 5x + 15y— 202 11. 9(3x + y — 4z) 
12.5a-—2b 13.4a-4b 14, -2 


Review Exercises 


14 2. 19%x,or0.19x 3. —45,72 4.38 5. 126 
6 -2.5 7 8 
ae an os Loans GaP aS ar ae 9 
eaesne ED dee sae one aaa ae Se SS SP a a a ee 
—6-5-4-3-2-10 123456 
&< 9% > 10> 211. < 12.x>-3 _ 13. True 


14, False 15. -3.8 16.3 17.2 18-3 19. 34 
20.5 21.-3 22,.-4 23.-5 24.1 25. -2 

26. -7.9 27.54 28.-9.18 29. -2 30. -210 
31.-7 32.-3 33.3 34.404 35.-2 36.2 

37. —2 38. 8-ydgain 39. —$130 40. $4.64 

41. $18.95 42. 15x-35 43. -8x+10 44. 4x +15 
45. -24+ 48x 46. 2(x-7) 47. -6(x — 1), or6(-x + 1) 
48. 5(x +2) 49. —3(x — 4y + 4), or3(—x + 4y — 4) 

50. 7a—- 3b 51. —2x+5y 52. 5x—-y 53. —a+ 8b 


54. -3a+9 55. -2b+ 21 56.6 57. 12y — 34 
58. 5x + 24 59. -15x+25 60.D 61.B_ 62. 3 
63. —2.1 64. 1000 65. 4a + 2b 


Understanding Through Discussion and Writing 

1. The sum of each pair of opposites such as —50 and 50, —49 
and 49, and so on is 0. The sum of these sums and the remaining 
integer, 0,isO. 2. The product of an even number of negative 
numbers is positive, and the product of an odd number of 
negative numbers is negative. Now (—7)® is the product of 


8 factors of —7 so it is positive, and (—7)1! is the product of 
a 
11 factors of —7 so itis negative. 3. Consider a q 


where a and b are both negative numbers. Then q - b = a, soq 
must be a positive number in order for the product to be 


‘ : a : : 
negative. 4. Consider 5 q, where a is a negative number 


A-14 Answers 


and bis a positive number. Then qg - b = a,soq must bea 
negative number in order for the product to be negative. 

5. We use the distributive law when we collect like terms even 
though we might not always write this step. 6. Jake expects 
the calculator to multiply 2 and 3 first and then divide 18 by that 
product. This procedure does not follow the rules for order of 
operations. 


Test: Chapter 7, p. 567 


1. (7.lal6 2. [7.1b]x-9 3. [7.2d)> 4. [7.2d] < 

5. (7.2d]) > 6. [7.2d)-2>x 7. [7.2d] True 8. [7.2e]7 
9. [7.2e]7 10. [7.2e] 2.7 11. [7.3b]—% 12. [7.3b] 1.4 
13. [7.6b]-5 14. [7.6b]{ 15. [7.3b]8 16. [7.4a] 7.8 
17. (7.3a]-8 18. [7.3a]4 19. [74a]10 20. [7.4a] —2.5 
21. [7.4a]{ 22. [7.5a]—-48 23. [75a] 24. [7.6a] —9 
25. [7.6c]} 26. [7.6c]-9.728 27. [7.8d] -173 


28. [7.8d]—5 29. [7.3c],[7.4b] Up 15 points 30. [7.4b] 14°F 
31. [7.5b] 16,080 32. [7.6d] —0.75°C each minute 

33. [7.7c] 18 — 3x 34. [7.7c] —5y + 5 

35. [7.7d] 2(6 — llx) 36. [7.7d] 7(x + 3 + 2y) 

37. [7.4a] 12 38. [78b] 2x+ 7 39. [7.8b] 9a — 12b—7 
40. [7.8c]68y — 8 41. [78d] —4 42. [7.8d] 448 

43. [7.2d]B 44. [7.2e],[7.8d] 15 45. [7.8c] 4a 

46. [7.7e] 4x + 4y 


CHAPTER 8 


Exercise Set 8.1, p. 574 

1. Yes 3. No 5. No 7. Yes 9. Yes 11. No 13. 4 
15. -20 17.-14 19.-18 21.15 23.-14 25.2 
27.20 29.-6 31.63 33.199 35./ 
39. 41. -y 43.5.1 45.124 47.-5 49. 12 
51.-3? 53.-11 54.5 55.- 56.4 57. -3 

58. -5.2 59.-4 60. 172.72 61. $83-—x 62. 65tmiles 
63. 342.246 65. -% 67. —10 69. All real numbers 
71.-% 73. 13,-13 


Exercise Set 8.2, p. 580 

1.6 3.9 512 7-40 91 1-7 13. -6 
15.6 17. -63 19.-48 21.36 23.-9 25. -21 
27.-2 29.-2 31.3 33.7 35.-7 37.8 39. 159 


41. -50 43. -14 45. 7x 46. -x+5 £47. 8x+ 11 
48. -32y 49.x-4 50. —-5x—- 23 51. —10y — 42 
52. -22a+ 4 53. 8rmiles 54. $b- 10m?, or 5bm? 
55. —8655 57. Nosolution 59. No solution 
61. ve 63. 28 

3a a 


Calculator Corner, p. 585 
1. Left to the student 


Exercise Set 8.3, p. 589 

1.5 38 5.10 714 9 —-8 11. —8 13. —7 

15. 12 17.6 19.4 21.6 23. -3 25.1 27. 6 
29. -20 31.7 33.2 35.5 37.2 39.10 41.4 
43.0 45.-1 47.-% 49.2 51.-2 53. -4 55.4 
57. —3 59.6 61.2 63. Nosolution 65. Allreal 
numbers 67.6 69.8 71.1 73. Allreal numbers 

75. Nosolution 77.17 79. -3 81. -3 83. 2 

85. ; 87. Nosolution 89. Allrealnumbers 91. 3 


93. -6.5 94. -75.14 95. 7(x—3 —2y) 
96. 8(y—1lx+1) 97. -160 98. -17x + 18 
99. 91x — 242 100. 0.25 101.-3 103. % 


Exercise Set 8.4, p. 597 


1. (a) 57,000 Btu’s; (b) a = = 3. (a) 1.6 mi; (b) t = 5M 


5. (a) 1423 students; (b) 2 = 15f 7. 10.5 calories per ounce 


9. 42 games u.x=2 13, c= 15. m=n-11 
3 
It. = ¥ + 5 19.x=y-13 21x=y-b 
5x 5 
23.x=5-y 2.x=a-y 22y grt ge 
B = ¢ 
29, x= = 31. ¢ = ——_ eg. ye 35. h = — 
P-2l 1 
37. w= 5 por 5P— i 39. a= 2A-—b 


A-b C= B 
41. b=3A-a-c ae a ae 45. x= y 


A 
F E 3k 
47.a=— 49.c2=— 51.t=— 53.092 54. -90 
m m Vv 
55. 9.325 56.44 57. -13.2 58. —2la + 12b 
59. 0.031 60. 0.671 61.4 62. —3 


63. (a) 1901 calories; 
917 + 6w + 6h — K 


(b) a 6 : 
ps Bes Be 
6 ; 
_ K-917 - 6h + 6a 
6 
6s. pot —* ora eget je db 
H H H H 


67. Aquadruples. 69. Aincreases by 2h units. 


Mid-Chapter Review: Chapter 8, p. 601 
1. False 2. True 3. True 4. False 


5 x+5=-3 6. —6x = 42 
x+5-5=-3-5 —6x 42 
x+0=-8 6 ~6 

x= —8 1-x=-7 

x=-7 


7. syt+tz=t 
Sy+z-Z=f-Zz 


Sy=t-Z 
Sy t-Z 
5 OS 

_t-z 
VS 


8.6 9-12 10.7 11.-10 12.20 135 14.3 
15.-14 16.6 17.-17 18-9 19.17 20. 21 
21.18 22.-15 23.-2 24.1 25.-3 26.3 


27.-1 283 29.-7 30.4 31.2 32.2 33, -2 
34.9 35. —-2 36.0 37. Allreal numbers A 
38. Nosolution 39. —% 40. Allrealnumbers 41. b = 2 
Sw 
42.x=y+15 43. m=s-—n Makes 


45. t= 46. y=2M-—x-z 47. Equivalent 


a 
expressions have the same value for all possible replacements 
for the variable(s). Equivalent equations have the same 
solution(s). 48. The equations are not equivalent because 
they do not have the same solutions. Although 5 is a solution of 
both equations, —5 is a solution of x* = 25 but not of x = 5. 

49. For an equation x + a = b, add the opposite of a (or 
subtract a) on both sides of the equation. 50. The student 
probably added ; on both sides of the equation rather than 
adding — 3 (or subtracting 3) on both sides. The correct solution is 
—2. 51. Foran equation ax = b, multiply by 1/a (or divide by a) 


on both sides of the equation. 52. Answers may vary. 
A walker who knows how far and how long she walks each day 
wants to know her average speed each day. 


Exercise Set 8.5, p. 607 


1. 20% 3.150 £5. 546 
13. 25% 15. 84 17. 24% 
25.5 27.40 29. $16.1 31. $2.1 33. About 12% 
35. $2.646 billion 37. $390 39. (a) 16%; (b) $29 

41. (a) $3.75; (b) $28.75 43. (a) $30; (b) $34.50 45. About 
85,82l acres 47. About22.6% 49. 800% 51. 10% 

53. About 144% 55. 181.52 56. 0.4538 57. 12.0879 
58. 844.1407 59.a+c 60. 7x—-9y_ 61. —3.9 

62. -64 63. Division; subtraction 64. Exponential; 
division; subtraction 65. 6ft7 in. 


7. 24% 9. 2.5 
19. 16% 21. 464 23. 0.8 


11. 5% 


Translating for Success, p. 622 


1.B 2H 3G 4N 5J 6C 72L 8&E 
9. F 10. D 


Exercise Set 8.6, p. 623 


1. 3113 manatees 3. 180in.;60in. 5. $16.56 7. 6994 mi 
9. 1204and1205 11. 41,42,43 13. 61,63,65 15. Length: 
48 ft; width: 14ft 17. $75 19. $85 21. 11 visits 

23. 28°,84°,68° 25. 33°,38°,109° 27. $350 29. $852.94 
31. 12mi 33. $36 35. $25and$50 37. -12 39. -% 
40.- 41.-4 42.-% 43.-10 44. 1.6 

45. 409.6 46. -9.6 47. —41.6 48.0.1 49. 120 apples 


51. About0.65in. 53. $9.17, not $9.10 


Exercise Set 8.7, p. 636 
1. (a) Yes; (b) yes; (c) no; (d) yes; (e) yes 
3. (a) No; (b) no; (c) no; (d) yes; (e) no 


5. cf 
x>A4 t<-3 
ttt Seep ee es Oo a Oe ee 
0 4 -3 0 
9. m2=-1 11. -3<x<4 
SIT > <td 
-10 -3 0 4 
13 pees 15. {xlx > —5}; 
I++ +O--— eo (ieee eae ei 
0 3 =5: 0 
17. {x|x = -18}; 19. {yly > —5} 
—18 
—_—__ eH 
—20 0 
21. {xlx > 2} 23. {x|x= —-3} 25. {xlx < 4} 
27. {tlt> 14} 29. {yly=d} 31. {xlx > G} 
33. {xlx < 7}; 35. {xlx < 3}; 
0 7 0 3 
37. {yly=—= 2} 39. {xlx=-6} 41. {yly = 4} 
43. {xlx>Z} 45. fyly< a} 47. {xlx = = 3} 
49. {x|x <8} 51. {xlx=6} 53. {x|x < —3} 
55. {xlx > —-3} 57. {xlx <7} 59. {xlx > —10} 
61. fyly< 2} 63. {yly=3} 65. {yly > —2} 
67. {xlx>—4} 69. {xlx<9} 71. {yly = -3} 
73. {yly< 6} 75. {mlm=6} 77. {tlt < —3} 
79. {rir > -3} 81. {xlx=—-Z} 83. {xlx > -2} 
85. -74 86.4.8 87.-2 88-111 989. -38 90. —/ 
91. -9.4 92.111 93.140 94.41 95, —2x— 23 
96. 37x — 1 97. (a) Yes; (b) yes; (c) no; (d) no; (e) no; (f) yes; 


(g) yes 99. No solution 


Chapters 7-8 A-15 


Exercise Set 8.8, p. 643 

lLn=7 3.w>2kg 5. 90mph <s < 110mph 
7ws20hr 9c=$150 Ilx>8 13. ys -4 
15.n= 1300 17.W=500L 19. 3x +2 < 13 

21. {x|x = 84} 23. {CIC < 1063°} 25. {Y|Y = 1935} 
27. {LIL=5in.} | 29. 150rfewercopies 31. 5 minor 
more 33. 2courses 35. 4servingsormore 37. Lengths 
greater than or equal to 92 ft; lengths less than or equal to 92 ft 
39. Lengths less than 21.5cm 41. The blue-book value is 
greater than or equal to $10,625. 43. It has at least 16 g of fat. 
45. Dates at least 6 weeks after July1 47. Heights greater 
than orequalto4ft 49. 21callsormore 51. Even 

52. Odd 53. Additive 54. Multiplicative 55. Equivalent 
56. Addition principle 57. Multiplication principle; is 
reversed 58. Solution 59. Temperatures between —15°C 
and -9¥C 61. They contain at least 7.5 g of fat per serving. 


Summary and Review: Chapter 8, p. 648 


Concept Reinforcement 
1. True 2. True 3. False 4. True 


Important Concepts 


1. —-12 2. Allrealnumbers 3. Nosolution 4. b= a 
5. 6. 
x>1 x=-l 
SS SI I I ees see > et tt tt 
=1-0 


O41 
7. {yly > —4} 


Review Exercises 

T,—22 2.1 3.25 4.9.99 5. i 6.7 7. —192 

8. -£ 9.-B 10.-8 11.4 12,-5 13.-{ 14.3 
15.4 16.16 17. Allrealnumbers 18.6 19. —3 

20. 28 21.4 £22. Nosolution 23. Yes 24. No 


25. Yes 26. {yly=—3} 27. {xlx=7} 28. {yly > 2} 
29. {yly = —-4} 30. {xlx< -11} 31. {yly > -7} 
32. {xlx>—-f} 33. {xlx = -35} 
34, 
x<3 —2<x<5 
ee OA a 
0 3 2 0 5 
36. >0 3V 
eee we otc ererar ee 37.a=£ 38. B= — 
0 7 h 


39.a=2A-—b 40.x= y—° 41. Length: 365 mi; width: 

275mi 42. 345,346 43. $2117 44. 27 subscriptions 

45. 35°,85°,60° 46. 15 47. 18.75% 48. 600 

49. About 18% 50. $220 51. $53,400 52. $138.95 

53. 86 54. {wlw>17cm} 55.C 56.A 57. 23, —23 
pes 

59. a = ——— 


58. 20, —20 
2= 0 


Understanding Through Discussion and Writing 


1. The end result is the same either way. If s is the original 
salary, the new salary after a 5% raise followed by an 8% raise is 
1.08(1.05s). If the raises occur the other way around, the new 
salary is 1.05(1.08s). By the commutative and associative laws of 
multiplication, we see that these are equal. However, it would be 
better to receive the 8% raise first, because this increase yields a 
higher salary initially than a 5% raise. 

2. No; Erin paid 75% of the original price and was offered credit 
for 125% of this amount, not to be used on sale items. Now, 
125% of 75% is 93.75%, so Erin would have a credit of 93.75% of 
the original price. Since this credit can be applied only to non- 
sale items, she has less purchasing power than if the amount 
she paid were refunded and she could spend it on sale items. 

3. The inequalities are equivalent by the multiplication 


A-16 Answers 


principle for inequalities. If we multiply on both sides of one 
inequality by —1, the other inequality results. 

4. For any pair of numbers, their relative position on the num- 
ber line is reversed when both are multiplied by the same nega- 
tive number. For example, —3 is to the left of 5 on the number 
line (—3 < 5), but 12 is to the right of —20 (—3(—4) > 5(—4)). 
5. Answers may vary. Fran is more than 3 years older than Todd. 
6. Let 1 represent “a number.” Then “five more than a number” 
translates to the expression n + 5, or 5 + n, and “five is more 
than a number” translates to the inequality 5 > n. 


Test: Chapter 8, p. 653 

1. [8.1b]8 2. [8.1b]26 3. [8.2a]-6 4. [8.2a] 49 

5. [8.3b] -12 6. [8.3a)2 7. [8.3a]-8 8. [8.1b -< 
9. [8.3c]7 10. [8.3c]2 11. [8.3b] 3 

12. [8.3c] Nosolution 13. [8.3c] All real numbers 

14. [8.7c] {xlx = —4} 15. [8.7c] {x|x > -13} 

16. [8.7d] {x|x <5} 17. [8.7d] {yly < —13} 

18. [8.7d] {yly = 8} 19. [8.7d] {xlx = —35} 

20. [8.7e] {xlx < —6} 21. [8.7e] {xlx = —1} 

22. [8.7b 23. [8.7b, e] _ i 


yx9 
0 4 9 01 
24. [8.7b ~2<x<2 25. [8.5a] 18 
+++ er ma tt 


26. [8.5a] 16.5% 27. [8.5a] 40,000 28. [8.5a] About 25.8% 
29. [8.6a] Width: 7 cm;length:llcm 30. [8.5a] About $310 billion 
31. [8.6a] 2509, 2510,2511 32. [8.6a] $880 33. [8.6a]3m,5m 
34. [8.8b] {/|1 = 174yd} 35. [8.8b] {b|b = $105} 


36. [8.8b] {clc < 143,750} 37. [8.4b] r= Zz 


27h 
= b = 
38. [8.4b] x = — 39. [8.5a]D 40. [8.4b] d = = 
ca — 1 : 
rr Al. [7.2e], [8.3a] 15,-15 42. [8.6a] 60 tickets 
CHAPTER 9 


Calculator Corner, p. 660 
1. Left to the student 


Calculator Corner, p. 666 


1. y=2x4+1 2. y=-3x4+1 
10 10 

—10 10 —10 10 
= 10. —10 

3 y=-5x+3 4 y=4x-5 

10 10 

—10 10 —10 10 
—10 = 10! 
5 y=tx+2 6. y=-2x-1 
10 10 

—10 10 —10 10 
—10 —10 


ts y = 2.085x + 5.08 


y= —3.45x — 1.68 


10 10 
~10 10 ~10 10 
~10 —10 
Exercise Set 9.1, p. 667 
1. Second 3. II 5. IV 7. Ill 
_ (2,5) 9. Onan axis, not in a quadrant 
(1.3), 4) 11,0 13. 1V 15. I 
: 17. LIV 19. 1, Tl 
(3, -2) First 
(—2, —4) axis 
e 10, -5) 


21. A: (3,3); B: (0, —4); C: (—5, 0); D: (—1, -1); E: (2, 0) 


23. No 25. No 27. Yes 
29. y=x-5 
ewe 
-1?%?4-5 
| -1 TRUE 
y=x-5 
=—42 1-5 
—4 TRUE 
31. y=5x+3 
Aaa 
5%? 4-443 
2+3 
5 TRUE 
y=3x+3 
a eee 
22 5(-2) +3 
-1+3 
2 TRUE 
33. 4x — 2y = 10 
4-0-—2(-5) ? 10 
0+ 10 
10 TRUE 
4x — 2y = 10 
ee 
4-4—2-32? 10 
16-6 
10 TRUE 
35. y 
=1 
0 
1 
2 
3 
4 


59. 


(b) 


61. 


(b) 


63. 


(a) 2002: $52,620; 2007: $44,130; 2010: $39,036; 


R about $47,500; 
$60,000 (c) 9 yr after 2002, or in 2011 
50,000 
5 40,000 
2 30,000 
= 20,000 R= —1698t + 52,620 
10,000 
0 2 4 6 8 10 t 
(2002) (2012) 
Years since 2002 

(a) 18.24 gal; 34.44 gal; 43.44 gal; 


WwW, about 31 gal; 
(c) 11 yr after 2000, or in 2011 


W= 1.8d + 16.44 


0 5 10 15 20 a 
(2000) (2015) 
Years since 2000 


12 64.489 65.0 66.4 67.3.4 68. V2 69. % 


Chapters 8-9 A-17 


70. % 71. 48patients 72. About30.7% 73. (—1,—5), 19. al, 23. , 
75. , answers May vary 
77. 26 linear units = 3x — 9 = 3y 
cae ey = 2 = Ox 2x — 3y=6 
32-80, 1) (3, 0) 
x x 0, -2) (3,0) x 
(0, -3) 
25. 27. 29. 


Calculator Corner, p. 675 
1. y-intercept: (0, -15); 
x-intercept: (—2, 0); 


2. y-intercept: (0, 43); 
x-intercept: (—20, 0); 


y=-7.5x-15 y=2.15x + 43 
10 50 
=5 5 
—25 10 
25 =10 
Xscl = 1 Yscl = 5 Xscl = 5 Ysel = 5 
3. y-intercept: (0, —30); 4. y-intercept: (0,—4); 
x-intercept: (25, 0); x-intercept: (20, 0); 
y = (6x — 150)/5 y=0.2x-4 
10 5: 
-10 35 y— 3x=0 y=2 
=5 30 
(0, 0) x x x 
x=-2 
—60 —10 
Xscl = 5 Yscl = 5 Xscl = 5 Yscl = 1 43. 45. 47. 
. yh y y 
5. y-intercept: (0,—15); 6. y-intercept: (0, -}); 
x-intercept: (10, 0); . 2 wf o3 
s x-intercept: (2, 0); x=2 ae) 
y=15x-15 y= Gx-24 y=0 7 : 
5 1 % é 
=5, 20 
=i 1 
49. 51. 53. 
y y y 
-25 = 
ales Weli= 3 Xscl = 0.25 Yscl = 0.25 ape ° 
8 
Visualizing for Success, p. 678 <r gays 5 ° pees 4 
LE 2C 3G 4A 51 6D 72F 8&J 4 BL x 
9.B 10.H 
55.y=-l 57.x=4 59. {x|x > — 40} 
Exercise Set 9.2, p. 679 60. {x|x =-7} 61. {x|x <1} 62. {x|x = 2} 
1. (a) (0,5); (b) 3. (a) (0, —4); (b) (3, 0) 63. {xlx <7} 64. {xx > 1} on About 89,434 
5. (a) 7. (a) (0, —14); (b) (4, 0) 66. $43,200 67,.y=-4 69. k=12 


(2, 0) 
0, 3); (b) (5, 0) 
9. (a) (0,2); (b) (—3,0) 
13. 


11. (a) (0, - +); (b) G, 0) Calculator Corner, p. 687 

17. 1. This line will pass through the origin and slant up from left to 
right. This line will be steeper than y = 10x. 2. This line will 
pass through the origin and slant up from left to right. This line 
will be less steep than y = 3x. 3. This line will pass through 
the origin and slant down from left to right. This line will be 
steeper than y = —10x. 4. This line will pass through the 
origin and slant down from left to right. This line will be less 
steep than y = — ok 


he 
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Answers 


Exercise Set 9.3, p. 690 
1-2 325 5.2 70 
9. ‘ 


13. 


(-3, 4) 


17. 19. Notdefined 21.-; 23.0 25. -10 

27. 3.78 29.3 31. —-+ 33. —3 35. Notdefined 
37.-1 39.3 41.2 43.0 45.4 47.-2 49.2 
51. en 53. 3.0%; yes 55. About —2,170,000 acres per year 
57. About 82,900 people per year 59. 19,000 tons per year 
61.4 62.4 63.2 64.3 65. $3.57 66. $48.60 

67. 20% 68. $18 69. $45.15 70.$55 7l.y=-x+5 
73. y=x+t+2 


Exercise Set 9.4, p. 699 

1. Slope: —4; y-intercept:(0,—-9) 3. Slope: 1.8; y-intercept: (0, 0) 
5. Slope: —§ y-intercept: (0,—3) 7. Slope: a y-intercept: 

(0, —3) 9. Slope: -3, y-intercept: (0, —}) 11. Slope: 0; 
y-intercept:(0,-17) 13. y=—-7x—-—13 15. y= 10lx — 2.6 
7y=-5 19 y=-2x-6 21 y=3x+3 
23.y=x-8 2.y=-3x+3 2Zy=x+4 
29.y=-3xt+4 381 y=-3x+3 33.x=4 
35.y=—-4x-11 37. y=} 39. (a) H = Sx + 44.50, or 
H = 3.15x + 44.50; (b) an increase of $3.15 per year; (c) $79.15 
41.3 42.2 43.6 44.2% 45.4% 46.72 47.4 
48.-7, 49.2 50.2 Sl y=3x-9 53. y=3x-2 


Mid-Chapter Review: Chapter 9, p. 701 


1. False 2. True 3. True 4. False 
5. (a) The y-intercept is (0, —3). (b) The x-intercept is (—3, 0). 
(c) The slope is rene = > = —1. (d) The equation of the 
line in y = mx + b form is 
y= —-1x + -3,or-x — 3. 

6. (a) The x-intercept is (c, 0). (b) The y-intercept is (0, d). 

d-0 d 
(c) The slope is or = 


d 
= es (d) The equation of the line 


iny = mx + bform is 
d 
=-——x-+d. 
J a 


7. No 8. Yes 9. x-intercept: (—6, 0); y-intercept: (0, 9) 
10. x-intercept: (3, 0) ; y-intercept: (0, -+ 
11. 12. 


13. y 14. y 


y=-xt4 


19. Not defined 


15.-9 16.-} 17.0 18.13 
20. —30,200 people per year 21. D 22. C 23. B 

24,E 25.A 26 y=-3x+2 27.x=3 

28. y = —ix = ra 29. y= —4 30. No; an equation 

x = a,a ~ 0, does not haveay-intercept. 31. Most would 
probably say that the second equation would be easier to graph 
because it has been solved for y. This makes it more efficient to find 
the y-value that corresponds to a given x-value. 32. A = 0. Ifthe 
line is horizontal, then the equation is of the form y = a constant. 
Thus, Ax must be 0 and, hence,A = 0. 33. Any ordered pair 
(7, y) is asolution of x = 7. Thus all points on the graph are 

7 units to the right of the x-axis, so they lie on a vertical line. 


Exercise Set 9.5, p. 705 


1. y 3. yA y 
- 
yA 
yA 


SH 


Pieper , 
ll. y 


i 


17 y 


y= arts 
pp —__. 
x 


23. = 


I 
A 

> 
<<) 


RYV 
BY 


15. 


21. 


3x-y=4 


=< =< 
> > 
+ 
= 
I 
- 
BV 
av 


29; = ¥ 


x 
Ix+ 2y=6 


ar, 


31.3 32.-% 33. S,0r069 34. -30r-0.6 35. 0 
36. Notdefined 37. Notdefined 38.0 39. Increase of 
about 484 kidney transplants per year; 484 40. Increase of 
about 251 liver transplants per year; 251 41. y= 1.5x + 16 


Chapter 9 A-19 


43. y 


Exercise Set 9.6, p. 712 


1. Yes 3. No 5. No 7. No 9. Yes 11. Yes 13. No 
15. Yes 17. Yes 19. Yes 21. No 23. Yes 25. Parallel 
27. Neither 29. Equivalent equations 30. Addition 
principle 31. Multiplication principle 32. Horizontal 

33. Vertical 34. Slope 35. x-intercept 36. y-intercept 
37.y=3x+6 39% y=-3x+2 41. y=jx4+1 

43.16 45. Ary =4x—-i;Biy =—3x-G 


Calculator Corner, p. 717 
1. Left to the student 


Visualizing for Success, p. 718 


1.D 2H 3E 4A 5.J 6F 7.C 8&B 
9.1 10.G 


Exercise Set 9.7, p. 719 


1. No 3. Yes 
5. y 7. y 9. y 
a 
4 
ie 
7 Z 
agi iy 
eo > > 72 > 
Pr x x t x 
Prat > 2. x <xt1 
x : aH 
y ysx-3 ie y 
£z 
15. 
x x 
xt+ys3 
21. Y 
y21-2x 
x-y>7 
aoe SSe dee ppp 
ax x x 
y 
¢ 
4 
PZ 
K 
2x + 3y = 12 
23. Y* 25. = 27. 
<3 x2-1 
ja H a 
ae x x x 
1 : 
4 
a 
ea 
a 
rae 
& 
2x — 3y>6 


29. Parallel 30. Perpendicular 31. Neither 32. Neither 
33. 35c + 75a > 1000) KR cy 
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Summary and Review: Chapter 9, p. 721 


Concept Reinforcement 


1. True 2. False 3. True 4. False 5. True’ 6. False 
7. False 


Important Concepts 
1. F: (2,4); G: (—2, 0); H: (—3, —5) 


6. misnotdefined. 7. 3 8.0 9. mis not defined. 
10.-2 110 I2y=6x+7 13. y=-gx-7 
14. Perpendicular 15. Parallel 

16. 


Review Exercises 
1. (-5,-1) 2. (-2,5) 3. (3,0) 
4.6. y 7. IV 8. Ill 9.1 10. No 


eas 11. Yes 


12. 2x-y= 


21. (a) 145 ft°, 16 ft, 205 ft, 28 fe; 


20 ft; 
(c) 6 residents 


(b) s 


i 
Ss 


(in cubic feet) 
s 


Refrigerator size 
S 


10 20 n 
Number of people in household 


22. (a) 2.4 driveways per hour; (b) 25 minutes per driveway 
23. 4manicuresperhour 24. : 25. -} 
26. 3; 27. -1; 
y y 
6, 4) (—5, 5) 


(—5, —2) 


28.7% 29. -3 30.3 31. Notdefined 32. 0 
33. Slope: —9; y-intercept: (0,46) 34. Slope: —1; 
y-intercept: (0,9) 35. Slope: 2; y-intercept: (0, -$) 
36.y=-28x+19 37. y=3x-i 38 y=3x-1 
39. y='x-4 40. y=-2x-4 Al. y=x+2 
42. y=3x-1 43. (ay = 119.9x + 2316; 

(b) 119.9 million prescriptions per year; (c) 3395.1 million 
prescriptions, or 3,395,100,000 prescriptions 
44, y 45. yn 


47. yy 


2y-3x=6 


48. Parallel 49. Perpendicular 50. Parallel 51. Neither 
52. No 53. No 54. Yes 


56. 


xX+2y2>4 


x 
} 
| 
I 
! 
! 
! 

Vv 


58. D 59. C 60. 45 square units; 28 linear units 
61. (a) 239.583 ft per minute; (b) about 0.004 min per foot 


Understanding Through Discussion and Writing 

1. If one equation represents a vertical line (that is, it is of the 
form x = a) and the other represents a horizontal line (that is, 
it is of the form y = b), then the graphs are perpendicular. If 


neither line is of one of the forms above, then solve each 
equation for y in order to determine the slope of each. Then, if 
the product of the slopes is —1, the graphs are perpendicular. 
2. Ifb > 0, then the y-intercept of y = mx + bis on the 
positive y-axis and the graph of y = mx + blies “above” the 
origin. Using (0, 0) as a test point, we have the false inequality 
0 > b,so the region above y = mx + bis shaded. 

If b = 0, the line y = mx + bory = mx passes through the 
origin. Testing a point above the line, such as (1, m + 1), we 
have the true inequality m + 1 > m, so the region above the 
line is shaded. 

If b < 0, then the y-intercept of y = mx + bis onthe 
negative y-axis and the graph of y = mx + blies “below” the 
origin. Using (0, 0) as a test point, we get the true inequality 
0 > b,so the region above y = mx + bis shaded. 

Thus we see that in any case the graph of any inequality 
of the form y > mx + bis always shaded above the line 
y=mx-+b. 3. They-intercept is the point at which the graph 
crosses the y-axis. Since a point on the y-axis is neither left nor 
right of the origin, the first or x-coordinate of the point is 0. 

A, <tt> 
01 


y The graph of x < 1 on the number line 
consists of the points in the set {x|x < 1}. 
The graph of x < 1 onaplane consists of 
the points, or ordered pairs, in the set 

x  {(x,y)|x + 0- y < 1}. This is the set of 
ordered pairs with first coordinate less 
than 1. 


ee eee 


5. First, plot the y-intercept, (0, 2458). Then, thinking of 

the slope as aie, plot a second point on the line by moving up 

37 units and to the right 100 units from the y-intercept. Next, 
thinking of the slope as rT start at the y-intercept and plot a 
third point by moving down 37 units and to the left 100 units. 
Finally, draw a line through the three points. 

6. Ifthe equations are of the form x = pand x = q, where 

p # q, then the graphs are parallel vertical lines. If neither 
equation is of the form x = p, then solve each for y in order to 
determine the slope and the y-intercept of each. If the slopes are 
the same and the y-intercepts are different, the lines are parallel. 


Test: Chapter 9, p. 729 

1. [91a] 2. [9.laJ III 3. [9.1b] (—5, 1) 
4. [9.1b] (0, —4) 

5. [9.1c] 


TRUE 


TRUE 
7. [9.1d] 
y 


2x+8=0 


BY 


Chapter 9 A-21 


9. [9.2b] 


10. [9.2a] 


11. [9.2a] 


12. [9.le] (a) 1990: $7800; 1996: $12,000; 2005: $18,300; 2010: 
$21,800 

2015: $25,000 
(c) 2020 


T=0.7n + 7.8 


Tuition co: 
(in thousands) 


0 2 4 6 8 10 12 14 16 18 20 22 24 26n 
Number of years since 1990 
13. [9.3c] (a) 14.5 floors per minute; (b) 4 30 seconds per floor 
14. [9.3c] 87.5 mph 15. [9.3a] —2 
16. [9.3al 2; 


17. [9.3b] (a) 2; (b) not defined 18. [9.3c] — 4 
19. [9.5a] 20. 
y 


21. [9.4a] Slope: 2; y-intercept: (0, -4) 22. [9.4a] Slope: % 
y-intercept: (0,—2) 23. [9.4a] y = 1.8x —7 

24. (9.4a}y = —2x-—4 25. [9.4b]) y=x +2 

26. [9.4b] y= —3x -—6 27. [9.4c] y= —3x + 4 

28. [9.4c] y = 4x —2 29. [9.4c] (a) y = 1.03x + 84.7; 

(b) 1.03 billion eggs per year; (c) 97.06 billion eggs 

30. [9.6a, b] Parallel 31. [9.6a,b] Neither 32. [9.6a, b] 
Perpendicular 33. [9.7a] No 34. [9.7a] Yes 

35. [9.7b] 36. [9.7b] 


37. [9.6a,b] A 38. [9.la] 25 square units; 20 linear units 
39. [9.6b] 3 


CHAPTER 10 


Exercise Set 10.1, p. 740 
1.3-3-3-3 3, (-1.1)(-1.1)(-1 1 
5. (3)(3)(§)(3) 7. (7p)(7p) 9. Bk kk 
ll. -6-y-y-y-y 13.1 15.b 17.1 19. —7.03 
21; 1 23. ab 25. a 27.27 «29.19 31. —-81 


33. 256 35.93 37.136 39. 10;4 41. 3629.84 ft? 


11 1 if 1 5 ‘i 
43. = 45. = 47. 49. 8 = 64 5Sl.y 
32 9 103 1000 a? 


A-22 Answers 


5 x 
53. — 55.— 57.43 59.x3 61.a° 63. 27 
z4 y? 
65. 814 67. x° 69. 998 = 71. (3y)!* 73. (7y)!? 
1 1 
75.33) 77.1 79. x!% 81.—~ 83. —_ 85. s3¢7 
13 q'0 
1 1 1 
87. 7° 89. y® 91 93 95. 97. 1 
16° m® (8x)4 


1 
99. x 101. x2 103. = 105. x3 107. 1 = 109. ab? 
z 


LL, 5? = 25:57 = 55 (5)? = gels) = 2a)-5° = —25; 
(-5)? = 25;-(-3)? = -gs(-3)% = 25 113. Bin; 4in. 
114, 228,229 115. 25,543.75 ft2 116. 51°, 27°, 102° 

23 ll 
117.23 118 4 119. 4(x — 3 + 6y) 
120. 2(128 -a-—2b) 121. No 123. No 125, y* 
127.0%" 129.1 131.> 133. < 135. -yhg 
137. No; for example, (3 + 4)” = 49, but 32 + 47 = 25, 


Calculator Corner, p. 748 
1. 1.3545 x 104 2.32x10° 3.3x10°% 4. 8x 10°26 


Exercise Set 10.2, p. 751 


1 1 1 
6 cur 12 18 8 
1. 2 56 5. x 7. 718 9. t 11 712 13. x 
1 1 9 
33 6 a 
15. a*b? 17 73p3 7376 21. 16x® 23, “3 
25 ! 27. x*4y8 29 a® 31 2st 33 ” 
xleyls xy b35 r8 a'5c6 
9x6 16x® 7 a8 
35.5 37.—| 39. al*b® 41 z 43 pi 
yous y 
6y3 246 
8 x d 
45. — 47. 49x® 49. y ee 53. 2.8 x 1010 
y® z3 a*b2 


55. 9.07 X 10!’ 57. 3.04 x 106 59. 1.8 x 10°8 

61. 10!! 63. 4.19854 x 108 65. $2.4 x 109 

67. 87,400,000 69. 0.00000005704 71. 10,000,000 

73. 0.00001 75.6109 77. 3.38 x 104 

79. 8.1477 x 10-43 81. 25x10!5 83. 5.0x 104 

85. 3.0107! 87. Approximately 1.325 x 10! ft? 

89. The mass of Jupiter is 3.18 x 10% times the mass of Earth. 
91.1107 93.7.5 x107%m 95. 4.375 x 10? days 


97, 9(x—4) 98. 2(2x-y+8) 99. 39+ +8) 
100. —7(x+2) 101.2 102.2 103.-% 104, —4t 
105. 106. sy 


107. 2.478125 x 10! 109.4 111. 3!! 113.7 


115. oa or2.5 117. False 119. False 121. True 


Calculator Corner, p. 758 
1. 3;2.25;-27 2. 44;0;9.28 


Exercise Set 10.3, p. 763 

1. -18;7 3.19314 5. —-12;-7 7. 25 9. 951 
11. 56; —2 13. 1112ft 15. $18,750; $24,000 

17. —4,4,5,2.75,1 19. (a) 2728.4 billion kilowatt-hours; 
3521.8 billion kilowatt-hours; 4315.2 billion kilowatt-hours; 
5108.6 billion kilowatt-hours; 5902 billion kilowatt-hours; 
(b) left to the student 21. 9words 23.6 25. 15 


31. 6x2 and —3x2 
35. 3x° and 14x°; —7x 


27. 2,-3x,x2 29, —2x4,4x3,-x,3 
33. 2x4 and —3x4;5x and —7x 


and—2x;8and—9 37. —-3,6 39.5,3,3 41. —5,6, 
—2.7,1;-2 43. -3x 45. -8x 47. 11x3+4 49. x3 -x 
51. 4b° 53. 3x5-2x-42 55. x4 57. xk — 2x2 


59. x° + 6x3 + 2x2 + x41 G1. 15y9 + 7y8 + Sy3—y* +y 


63. x© + x4 65. 13x39 — 9x +8 67. —5x? + 9x 
69. 12x4-—2x+4+ 71.1,0;1 73. 2,1,0;2 
75. 3,2,1,0;3 77. 2,1,6,456 
ees Degree Degree 
of the of the 
Term | Coefficient | Term | Polynomial 


81. x*,x 83. x3,x2,x° 85. None missing 

87. x3 + Ox? + Ox — 27;x3 — 27 

89. x4 + Ox? + Ox2 — x + 0x9 x4 —x 

91. Nonemissing 93. Trinomial 95. None of these 

97. Binomial 99. Monomial 101. 27apples 102. —19 
C+r 

103. —35 104.2 105.-26 106.2% 107. b= 

108. 45%; 37.5%; 17.5% 109. 3(x—5y +21) 111. 3x® 

113. 10 115. —4,4,5,2.75,1 117.9 


Calculator Corner, p. 772 
1. Yes 2. Yes 3. No 4. Yes 5. No 6. Yes 


Exercise Set 10.4, p. 773 

h-xt+5 3.x2-Yx-1 5. 2x2 7. 5x? + 3x - 30 
9. —2.2x3 — 0.2x2 — 3.8x+ 23 11. 6+ 12x2 

13. —}x4+4+ 2x3 +x? 15. 0.01x5 + x4 — 0.2x3 + 


0.2x + 0.06 17. 9x8 + 8x? — 6x4 + 8x2 +4 
19. 1.05x4 + 0.36x3 + 14.22x2+x+4+0.97 21. 5x 
23. x2 —3x4+2 25. -12x4+3x3-—3 27, -3x +7 


29. —4x2+ 3x-—2 31. 4x4 — 6x2 - 3x48 
35. -—x2-—7x+5 37. -18 
Al. 4.6x3 + 9.2x2 — 3.8x — 23 
45. 0.06x3 — 0.05x2 + 0.01lx + 1 
AQ. 11x4 + 12x3 — 9x2 - 8x-9 51. x4-x34+x2-x 
53. Sa +12 55. 5x2+4x 57. (r+ 11)(r + 9); 

9r+ 994+ llr+ r2,orr? + 20r + 99 

59. (x + 3)(x + 3), or (x + 3)?;x* + 3x + 9 + 3x, 

orx? + 6x+9 61. mr2- 257 63. 182-64 65. 6 
66.-19 67.-4 685 69.5 70.1 71.2% 72. % 
73. {x|x=—-10} 74. {xlx <0} 75. 20w + 42 

77. 2x* + 20x 79. y*-—4y+4 = 81. 12y? — 23y + 21 

83. —3y4 — y3 + 5y - 2 


33. 7x — 1 
39. 6x4 + 3x3 — 4x2 4+ 3x-4 
43, 3x3 — 3x 

47. 3x +6 


Mid-Chapter Review: Chapter 10, p. 777 


1. True 2. False 3. False 4. True 
5. 4w? + 6w — 8w? — 3w = (4 — 8)w? + (6 — 3)w = 
-4u° + 3w 6. (3y4 — y2 + 11) — (y4 — 4y2 +5) = 


3y4 — y? +11 —y4 + 4y2 -5 = 2y4 4+ 3y2? +6 2z 81 
1 

9-32 10.1 11.5’ 12. (3a)? 135 14.1 
x 


1 1 
15. 74 16. ag. Ah w® 18. =e 
x y y 


24 - x2z4 
56 " gy6 
25. 0.000036 26. 144,000,000 27.6% 10% 28.5 x 107 

29. 16;1 30. -16;9 31. —2x5—5x*+ 4x +2 

32. 8x® + 2x3 — 8x2 33. 3,1,0;3 34. 1,4,6;6 

35. Binomial 36. Trinomial 37. 8x* + 5 

38. 5x9 — 2x2 + 2x-11 39. —4x — 10 

40. —0.4x2 — 3.4x +9 41. 3y + 3y2 42. The area of the 
smaller square is x”, and the area of the larger square is (3x)*, or 
9x2, so the area of the larger square is nine times the area of the 
smaller square. 43. The volume of the smaller cube is x3, and 
the volume of the larger cube is (2x)%, or 8x3, so the volume of 
the larger cube is eight times the volume of the smaller cube. 
44. Exponents are added when powers with like bases are 
multiplied. Exponents are multiplied when a power is raised 


a 


21. 23. 2.54310’ 24. 1.2x104 


1 1 
toapower. 45. 3°29 = S59 and 2-29 = =p" Since 329 > 229° 


1 
we have 329 < 329" 46. It is better to evaluate a polynomial after 
like terms have been collected, because there are fewer terms 
to evaluate. 47. Yes; consider the following: (x* + 4) + 


(4x — 7) = x2 + 4x - 3, 


Calculator Corner, p. 782 


1. Correct 2. Correct 3. Notcorrect 4. Not correct 


Exercise Set 10.5, p. 783 


1. 40x23. x3) 5. 32x8 = 7, 0.03x!! 9, 5x4 11.0 
13. —24x!1 15. -2x2 + 10x 17. —5x2 + 5x 
19. x9 + x2 21. 6x3 — 18x2+ 3x 23. —6x4 — 6x3 


29. x2 + 3x — 10 
35. x2 -—9 
Al. 25 — 15x + 2x2 
45.x%°—6xt+9 47, x2-3x-1 
51. (x + 2)(x + 6), orx? + 8x + 12 


25. 18y® + 24y5 27. x2 + 9x + 18 
31.x24+3x-4 33. x2 - 7x +12 
37. x2-—16 39. 3x2 + 11x +10 
43. 4x2 + 20x + 25 

49. x2 + 2.4x — 10.81 


53. (x + 1)(x + 6), orx* + 7x + 6 
55. 57. (| O59. -. Sao 
~ x i x+1< x ae 2% x+3 
: ~ x x2 ape 
x 5 
—$ —" J 2. 
x45 —— #2 a, 
ED: x45 
61. x3 -—1 63. 4x3 + 14x? + 8x +1 


65. 3y4 — Gy? — 7y2 + 18y—6 67. x® + 2x5 — x3 

69. —10x° — 9x4 + 7x3 + 2x2 -—x 71. -1 — 2x — x2 + x4 
73. 64+ 43 -—16t2-—7t+4 75. x9 —x°4+ 2x3 -—x 

77. x4 —1 79. x4 + 8x3 + 12x2 4+ 9x +4 

81. 2x4 — 5x3 + 5x2 - ix +2 83. -2 84. 6.4 
86. 32. 87. 3(5x — 6y + 4) 88. 4(4x — Gy + 9) 
89. —3(3x + 15y—5) 90. 100(x — y + 10a) 

91. 


85. 96 


92. 23 93. 75y2 — 45y 
95. V = (4x3 — 48x? + 144x) in’; S = (—4x? + 144) in? 


97.5 99. (x3 + 2x2—210)m3 101.0 103. 0 
Visualizing for Success, p. 792 

LfF 2.3.0 2.55 4.48 5.D,M -6.J,P 
7.C,L 8&N,Q 9%AH 10. 1,T 


Chapters 9-10 A-23 


Exercise Set 10.6, p. 793 


lx +x24+3x4+3 S.x44+x342x+2 S.y?-y-6 
7. 9x* + 12x+4 9. 5x*+4x-12 11. 9f7-1 
13. 4x2 -6x+2 15. p?-% 17. x2 - 0.01 


19. 2x3 + 2x2 +6x+6 21. —2x2-11x+6 

23. a2 +14a+49 25.1-—x-—6x? 27. dy? -3y+ 8 
29. x9 + 3x3 — x2 -—3 31. 3x8 — 2x4 - 6x2 44 

33. 13.16x2 + 18.99x — 13.95 35. 6x’ + 18x° + 4x2 4+ 12 
37. 8x8 + 65x3 +8 39. 4x3 — 12x2 + 3x-9 


41. 4y8 + 4y° + y4+y3 43. x2-16 45. 4x2 -1 
47. 25m?—-4 49. 4x4-9 51. 9x®-16 53. xl? - x4 
55. x8-9x2 57. x24-9 59. 4y16-9 61. 2x2 - 18.49 


63. x2 + 4x+4 65. 9x4 + 6x24 1 
69.9+6x+x2 71. x4 4+ 2x24+1 
75. 25+ 602+ 36t4 77. x2-3x+2 
81. 4x3 + 24x2 -— 12x 83. 4x4 — 2x2 +4 
87. 15t° — 3144+ 323 89. 36x®8 + 48x4 + 16 

91. 12x3 + 8x2 + 15x+10 93. 64 — 96x4 + 36x8 

95. 3-1 97. 25;49 99.56;16 101. a2 + 2a+1 
103. ¢2 + 10f+ 24 105. Lamps: 500 watts; air conditioner: 
2000 watts; television: 50 watts 106.32 107. —% 


3x — 12 
108. 22 109. y = SS ory =2x-6 


67. a2 -a+4 
73. 4 — 12x4 + 9x8 
79. 9—12x3 + 4x6 


85. 9p? — 1 


+4 


5d 
110. a = 111. 30x? + 35x2 — 15x 


= 5 4 
,ora=3d+, 


113. a* — 50a2 +625 115. 81f!® — 728 +16 117. -7 
119. First row: 90, —432, —63; second row: 7, —18, —36, —14, 12, 
—6, —21, —11; third row: 9, —2, —2, 10, -8, —8, —8, —10, 21; 


fourth row: -19,-6 121. Yes 123. No 
Exercise Set 10.7, p. 801 
l-1 3.-15 5.240 7. -145 9.3.715L 11. 205.9m 


13. 44.46in2 15. 63.78125 in? 
degrees: 4, 2, 2, 0; 4 


17. Coefficients: 1, —2,3, —5; 
19. Coefficients: 17, —-3, —7; degrees: 5, 5, 
0;5 21. -a-—2b 23. 3x*y—2xy*+x? 25. 20au + 10av 
27. 8u2v — 5uv2 =. 29. x? — 4xy + 3y* 33. 3r +: 7 

33. —b2a3 — 3b3a2 + 5ba +3 © 35. ab* — ab 

37. 2ab—2 39. —2a+ 10b — 5c + 8d 

Al. 622 + 7zu — 3u2 43. a*b* — 7a2b +10 45. a® — b2c2 
47. y®x + y4x + y4 + 2y2 +1 49. 12x2y2 + 2xy - 2 

51. 12 — c2d* — c4d* = 53. m3 + m2n — mn? — n3 

55, x9y9 — xby6 + x5y5 — x2y2 57, x2 + 2xh + h? 

59. 9a2 + 12ab + 4b? 61. r®t4 — 8r3t2 + 16 

63. p® + 2m2n*p4 + m‘n* 65. 3a? — 12a*b + 12ab? 

67. m2 + 2mn+n2—6m—-—6n+9_ 69. a2 — b2 

71. 4a — b* 73. c4— d2 75. a*b* — c2d4 
77. x2 + Qxy+y2-9 79. x2 —y* — 2yz-z 
81. a* + 2ab + b? — c?2 


2 


83. 3x4 —7x2y + 3x2 -— 20y2+22y-6 85. IV 86. III 
87.1 88. II 
89. y 90. yA 
2x = -10 
x 
<—oplys ca. 
91. 92. y 
x=4 
x 


93. 4xy — 4y* 95. 2xy + ax? 


A-24 


Answers 


97. 2anh + 2amh + 2mn* — 27m? 
101. $12,351.94 


99. 16 gal 


Exercise Set 10.8, p. 810 

1. 3x4 3. 5x5. 18x37. 4a3b 
ll. 1-2u-u4 13. 5t2 + 8f- 2 
17. 6x2 — 10x +3 19. 9x? — 3x41 


9. 3x4 - 5x3 + x2 -2 
15. —4x4 4+ 4x2 41 
21. 6x2 + 13x +4 


—50 
23.. 37s +r—2s 25. x +-2 2A 
29. x -2+— B31.x-3 33. x4-x3+x2-x+41 
x+6 
35. 2x2 -—7x+4 37.x3-6 39. t2+1 
—5 10 


Sy ay ras 43, 3x2 +x+24+ 


5x +1 


45. 6y? — 5 4 47. Product 48. Monomial 


 2y+7 
49. Multiplication; equivalent 50.x=a _ 51. Trinomial 
52. Quotient 53. Absolutevalue 54. Slope 55. x2 +5 


57.a+3+ 59. 2x2 + x-3 


5a2 — 7a — 2 


61. a> + a*b + a3b* + a*b? + ab4 + b° 63. -5 65. 1 


Summary and Review: Chapter 10, p. 813 


Concept Reinforcement 


1. True 2. False 3. False 4. True 
Important Concepts 
6 
1.28 2, a2b® 3. 4.763 X 1055. 0.0003 
27x 12z9 


6.6 104 7. 2x4 -— 4x2 - 3 8, 3x44 x3 -— 2x2 +2 
9. x®© — 6x4 + 11x? -6 10. 2y*+ 1lly+12 IL. x2 — 25 


12. 9w2 + 24w+16 13. —2a%b* — 5a2b + ab? — 2ab 


14. y2-4y+2 15.x-9+4 a8 
“y Yrs . x+5 
Review Exercises 
1 1 
L— 2y"! 3. (3x) 448 5.45 6 71 
7 a3 
8 8 y° —5 1 
8. 9t8 9. 36x8 10.-— I11.t 12, — 
8x3 y4 
13. 3.28 x 10° 14. 8,300,000 15. 2.09 x 104 
16. 5.12 X 10°59 17. 1.54468 x 10!% slices 18. 10 
19. —4y°,7y”, -3y,-2 20. x7,x® 21. 3,2,1,0;3 


22. Binomial 23. Noneofthese 24. Monomial 

25. -2x2-—3x+2 26. 10x*- 7x2-x-} 

27. x° — 2x4 + 6x3 + 3x2 -9 

28. —2x° — 6x4 — 2x3 — 2x24+2 29, 2x2 — Ax 

30. x°—3x3-—x2+8 31. Perimeter: 4w + 6; area: w* + 3w 
32. (t+ 3)(t + 4),t%7 + 7f4+12 33. x2 + 2e 44 

34. 49x2 + 14x +1 35. 12x3 — 23x? + 13x — 2 


36. 9x4 -— 16 37. 15x? — 40x® + 50x° + 10x4 
38. x° —3x-28 39. 9y4-—12y3+4y? 40. 2¢4-11t?-21 
41. 49 42. Coefficients: 1, —7,9, —8; degrees: 6, 2, 2,0;6 


43. -y+9w-—5 44, m® — 2m2n + 2m2n? + 8n2m — 6m3 
45. —9xy — 2y? 46. 11x3y? — 8x2y — 6x? — 6x + 6 
47. p> — gq? 48. 9a® — 2a4b3 + tb® = 49, 5x2 — 5x +3 


50. 3x2 — 7x + 4+ 51. 0,3.75, —3.75,0 52. B 


2x+3 
53.D 54. 3x*—4y? 55. 400 — 4a? 56. —28x8 
57. 58. x4+ x3 +x%+x4+1 59. 80ftby40ft 


Understanding Through Discussion and Writing 


1. 578.6 X 10’ is not in scientific notation because 578.6 is not 
a number greater than or equal to 1 and less than 10. 


2. When evaluating polynomials, it is essential to know the 
order in which the operations are to be performed. 
3. We label the figure as shown. 


3 3x ¢) 


x ae 3x 


Ges 


Then we see that the area of the figure is (x + 3)*, or x? + 3x + 
3x+9#x%+9. 4, Emma did not divide each term of the 
polynomial by the divisor. The first term was divided by 3x, but 
the second was not. Multiplying Emma’s “quotient” by the 
divisor 3x, we get 12x° — 18x* # 12x3 — 6x. This should 
convince her that a mistake has been made. _ 5. Yes; for 
example, (x* + xy + 1) + (3x — xy + 2) = x2 + 3x43. 

6. Yes; consider a + b + c + d. This is a polynomial in 4 
variables but it has degree 1. 


Test: Chapter 10, p. 819 
1. fod, 1 2. [10.1d)x9 3. [10.1d] (4a)! 4. [10.1e] 33 


7. (10.2a] x® 


a%b3 
9. [10.2a,b] 16a!2b* 10. [10.2b] —— 
Cc 


11. [10.1d], [10.2a, b]—216x2! 12. [10.1d], [10.2a, b] —24x2! 
13. [10.1d], [10.2a, b] 162x!9 14. [10.1d], [10.2a, b] 324x 10 


1 
15. 10.1f] 16. [10.1f]y~® 17. [10.2c] 3.9 x 109 


18. [10.2c] 0.00000005 19. [10.2d] 1.75 x 10/7 
20. [10.2d] 1.296 x 1022 21. [10.2e] 1.5 X 104 files 
22. [10.3a] -43 23. [10.3d]4,-1,7 24. [10.3g] 3,0, 1,6;6 
25. [10.3i] Binomial 26. [10.3e] 5a” — 6 
27. [10.3e] fy? — 4y 28. [10.3f] x5 + 2x3 + 4x2 - 8x +3 
29. [10.4a] 4x° + x4 + 2x3 — 8x2 4+ .2x-—7 
30. [10.4a} 5x4 + 5x2 +x+5 31. [104c]-4x4 + x3 — 8x — 3 
32. [10.4c] —x° + 0.7x3 — 0.8x2 - 21 
33. [10.5b] —12x4 + 9x3 + 15x? 34, [10.6c] x2 — $x +5 
35. [10.6b] 9x2 — 100 36. [10.6a] 3b? — 4b — 15 
37. [10.6a] x14 — 4x8 + 4x6-—16 38. [10.6a] 48 + 34y — 5y? 
39. [10.5d] 6x? — 7x2 — llx-—3 40. [10.6c] 25f2 + 20r + 4 
41. [10.7c] —5x3y — y? + xy? — xy? + 19 
42. [10.7e] 8a2b2 + 6ab — 4b2 + 6ab2 + ab? 
43. [10.7f] 9x19 — 16y!9 44, [10.8a] 4x2 + 3x — 5 

17 
3x + 2 
46. [10.3a] 3, 1.5, —3.5, —5, —5.25 
47. [10.4d] (¢ + 2)(t + 2),t2 + 4¢+4 
49. [10.5b], [10.6a] V = 1° — 3/2 + 21 


1 
5. [10.1le, {| 6. [10.1b, e] 1 8. [10.2a, b] —27y® 
x 


45. [10.8b] 2x2 — 4x — 2 4+ 


48. [10.4d] B 
50. [8.3b], [10.6b, c] — 


CHAPTER 11 

Exercise Set 11.1, p. 829 

lx 3.x% 5.2 7. 17xy 9% x IL. x2y? 
13. x(x-— 6) 15. 2x(x+3) 17. x?(x + 6) 


19. 8x7(x2 — 3) 21. 2(x* + x — 4) 

23. 17xy(x4+y? + 2x2y + 3) 25. x2(6x2 — 10x + 3) 
27. x2y?(x3y3 + x2y + xy — 1) 

29. 2x3(x4 — x3 — 32x2 + 2) 

31. 0.8x(2x3 — 3x2 + 4x + 8) 

33. 3x3(5x3 + 4x2 + x41) 35. (x + 3)(x? + 2) 
37. (3z — 1)(422 +7) 39. (3x + 2)(2x2 + 1) 

41. (2a — 7)(5a2 — 1) 43. (x + 3)(x* + 2) 

45. (x + 3)(2x2 +1) 47. (2x — 3)(4x? + 3) 


49. (3p — 4)(4p? + 1) 
53. (x + 8)(x? — 3) 


57. {xlx > —-24} 58. {xlx < 4} 


60. p=2A-—q_ 61. y? + 12y + 35 
63. y2-—49 64, y? — 14y + 49 
65. y 66. 
(0, 4) 
(4, 0) x 
x+y=4 
67. yA 68. 
5x —- 3y=15 


(0, -5) 
69. (2x2 + 3)(2x3 + 3) 
73. Not factorable by grouping 


Exercise Set 11.2, p. 837 


Is (Pairs of Factors | Sums of Factors | 


(x + 3)(x + 5) 


3.@ ~ 
Pairs of Factors | Sums of Factors 
1, 12 13 
=i =—12 =13 
2, 6 8 
=2, =6 =§8 
3; 4 7 
=3, =a —7 


(x + 3)(x + 4) 


i 4.) 
a: Pairs of Factors | Sums of Factors 
1. 3 10 
=1,=6 =10 
3; 3 6 
=B, 3 =6 
(c= 3)? 
re ; ») 
Pairs of Factors | Sums of Factors 
=], 14 13 
1,=—4 =13 
=2. 7 5 
2, = 7% —5 
(x + 2)(x — 7) 
9. a 
Pairs of Factors | Sums of Factors 
1, 4 5 
=] = —5 
2, 2 4 
=2,=2 =4 


(b + 1)(b + 4) 


Chapters 10-11 


(2, 0) 


51. (x — 1)(5x? — 1) 
55. (x — 4)(2x* — 9) 
59. 27 


62. y* + 14y + 49 


Mi 


71. (x5 + 1)(x? + 1) 


A-25 


11. 
( Pairs of Factors | Sums of Factors 
11 2 
37) 3 3 
wll _2 
3? 3 3 
yd 7 
“16 _ 
X 
(+4) 
13. (d-—2)(d-5) 15. (y—1)(y— 10) 17. Prime 
19. (x —9)(x +2) 21. x(x — 8)(x + 2) 
+ 


25. (x — 11)(x + 9) 
29. (a? + 7)(a* — 5) 
33. Prime 35. (x + 10)? 
39. 317(t + t+ 1) 


31. (x — 6)(x + 7) 
37. 2z(z — 4)(z + 3) 
41. x*(x — 25)(x + 4) 43. (x — 24)(x + 3) 
45. (x — 9)(x- 16) 47. (a+ 12)(a — 11) 
51. w*(w — 4)” 53. —1(x — 10)(x + 3), or 
(—x + 10)(x + 3), or (x — 10)(—x — 3) 

55. —l(a — 2)(a + 12), or(—a + 2)(a + 12), or 
(a—2)(-—a-— 12) 57. (x — 15)(x — 8) 

59. —1(x + 12)(x — 9), or(—x — 12)(x — 9), or 
(x + 12)(-x + 9) 61. (y — 0.4)(y + 0.2) 

63. (p + 5q)(p — 2g) 65. —1(t + 14)(t — 6), or 

(-t — 14)(t — 6), or(t + 14)(-t + 6) 67. (m+ 4n)(m + n) 
69. (s + 3f)(s—5t) 71. 6a8(a + 2)(a — 7) 

73. 16x3 — 48x* + 8x 74. 28w* — 53w — 66 

75. 49w* + 84w + 36 76. 16w* — 88w + 121 

77. 16w2 — 121 78. y> — 3y* + 5y 
79. 6x? + llxy — 35y” 80. 27x!4 
83. 1743 arrests 84. 100°, 25°, 55° 
85. 15,—-15,27,-27,51,-51 87. (x + $)(x — 3) 
89. (x + 5)(x—3) 91. (b” + 5)(b" + 2) 

93. 2x2 (4 — 7) 


49. 3(t + 1)? 


s1.% 82. -2 


Calculator Corner, p. 842 


1. Correct 2. Correct 3. Notcorrect 4. Not correct 


Exercise Set 11.3, p. 846 


1. (2x + 1)(x-— 4) 3. (5x + 9)(x — 2) 

5. (3x + 1)(2x +7) 7. (3x + 1)(x + 1) 

9. (2x — 3)(2x +5) IL. (2x + 1)(x — 1) 

13. (3x — 2)(3x + 8) 15. (3x + 1)(x — 2) 

17. (3x + 4)(4x +5) 19. (7x — 1)(2x + 3) 

21. (3x + 2)(3x +4) 23. (3x — 7)?, or (7 — 3x)? 
25. (24x —1)(x +2) 27. (5x — 11)(7x + 4) 


29. —2(x — 5)(x + 2), or2(—x + 5)(x + 2), or 

31. 4(3x — 2)(x + 3) 

1) 311. 2(3y +. 5)(y — 1) 
) 389. 4(3x + 2)(x — 3) 
) 43. (3x + 2)(3x — 8) 

47. p(3p + 4)(4p + 5) 
8), or (—3x — 2)(3x — 8), or 
51. —1(5x — 3)(3x — 2), or 
(5x — 3)(—3x + 2) 

55. 3x(8x — 1)(7x — 1) 


33. 6(5x — 9)(x + 
37. (3x — 1)( 
Al. (2x + 1)( 
45. 5(3x + 1)(x — 2) 
49, —1(3x + 2)(3x 
(3x + 2)(—3x + 8) 
(—5x + 3)(3x — 2), or 
53. x2(7x — 1)(2x + 3) 
57. (5x2 — 3)(3x2 — 2) 59. (5¢ + 8) 
61. 2x(3x + 5)(x-— 1) 63. Prime 65. Prime 
67. (4m + 5n)(3m — 4n) 69. (2a + 3b)(3a — 5b) 

( 

) 


71. (3a + 2b)(3a + 4b) 73. (5p + 2q)(7p + 4q) 
+ 
75. 6(3x — 4y)(x + y) 77. = 5" 


y—b 6 — 3x 
78. x =——_ T9.y= 
m 


80.q=p+r-2 


A-26 


Answers 


84. 
86. 
87. 


88. 
89. 
90. 


91. 
95.- 


. {xlx > 4} 


82. {xlx < 4} 


8 


y 85. y-intercept: (0, —4); x-intercept: (16, 0) 
y-intercept: (0, 4); x-intercept: (16, 0) 
y-intercept: (0, —5); x-intercept: (6.5, 0) 
y-intercept: (0, 2); x-intercept: (3, 0) 

y-intercept: (0, 4); x-intercept: (5 0) 

y-intercept: (0, —5); x-intercept: 3 0) 

(2x + 1)(10x"+3) 93. (x34 — 1)(3x34 + 1) 
103. Left to the student 


Exercise Set 11.4, p. 851 


1. 
5. 
9. 


13. 
17. 
21. 
25. 
29. 
33. 
37. 
41. 
(3a — 1)(—3a — 5) 
) 


2(— 
45. 
49. 
53. 


57. 
61. 


( 


—5x + 4)(x + 1), or 
65. 
3(2t — 1)(-t + 5) 
69. 
73. 
79. 
83. 
87. 
91. 
6x(x — 5)(-x — 2) 
95. 
97. 


100. {xlx > 17} 


103. About 6369 km, or 3949 mi 
107. (4x5 + 1)? 


(x + 2)(x + 7) 

(3x + 2)(2x + 3) 
(7x — 8)(5x + 3) 
(2x? 5) 


3. (x — 4)(x — 1) 
7. (3x — 4)(x — 4) 
11. (2x + 3)(2x - 3 
15. (2x — Die a 
19. (2x + 7)(3 
» (2x + 3)(2 
27. (3x + 2) 
(3x — 4) 
2 
2 


) 
+ 3 
3% +5 
1 


) 35. (3x + 
39. ( 
or (—3a + 


a 
iw) 
aS 
e 
— 


x 

+ 1)(x — 2) 

(3a + 5), or 
(x + 2), or 

x 8)(x + 2), or 2(x — 5)(—x — 2) 

4(3x (x +3) 47. 6(5x — 9)( 

2(3y (y-1) 51. (3x - 1) 

4(3x (x-— 3) 55. (2x + 1)( 

(3x — 2)(3x +8) 59. 5(3x + V(x - 

p(3p + 4)(4p +5) 63. ie — 4)(x + 1),o 

(5x — 4)(-x - 1) 

—3(2t — 1)(t - 2). 0r 3 2t+1)(t— 5),o 

67. x7(7x — 1)(2x + 3) 

3x(8x — 1)(7x— 1) 71. (5x? — 3)(3x2 — 2) 

(5t+8)* 75. 2x(3x+5)(x-—1) 77. Prime 

Prime 81. (4m + 5n)(3m — 4n) 

(2a + 3b)(3a — 5b) 85. (3a — 2b)(3a — 4b) 

(Sp + 2q)(7p + 4q) 89. 6(3x — 4y)(x + y) 

—6x(x — 5)(x + 2), or 6x(—x + 5)(x + 2), or 

93. x3(5x — 11)(7x + 4) 


+ 
+ 


{xlx < —100} 
{x|x < 8} 


104. 40° 105. (3x5 
109.-117. Left to the student 


Mid-Chapter Review: Chapter 11, p. 855 


1. 
5. 


6. 


7. 


13. 
16. 
19. 


True 2. False 3. True 4. False 
10y? — 18y? + 12y = 2y- 5y” — 2y- 9y + 2y-6 
= 2y(5y* — 9y + 6) 

a-c=2:(-6) = —-12; 
—x = —4x + 3x; 
2x2 —x-—6 = 2x2 —- 4x + 3x-6 
2x(x — 2) + 3(x — 2) 

= (x — 2)(2x + 3) 
x 8 x*% 9. 6x3 10.4 
x(x* — 8) 14. 3x(x + 4) 
03(3t3 — 5t-— 2) 17. (x + 1)(x +3) 
(x + 4)(x2 +3) 20. 8y3(y? — 6) 


ol 


11. 5x*y 12. xy? 
15. 2(y? + 4y — 2) 
18. (z — 2)? 


21. 6xy(x? + 4xy — ua F 22. (4t — 3)(t — 2) 

23. (z — 1)(z + 5) Pere er + 2) 

25. (3p — 2)(p* — 5. 26. 5x9(2x° — 5x3 — 3x? + 7) 
27. (2w + 3)(w2 — 3) 28. x2(4x2 — 5x + 3) 


29. (6y — ee +2) 30. 3(x — 3)(x + 2) 

31. (3x + 2)(2x2 +1) 32. (w—5)(w — 3) 

33. (2x + 5)(4x2 +1) 34, (5z + 2)(2z — 5) 

35. (2x + 1)(3x + 2) 36. (x — 6y)(x — 4y) 

37. (22 + 1)(3z2 +1) 38. a*b3(ab* + a*b* — 1 + ab) 
39. (4y + 5z)(y — 3z) 40. 3x(x + 2)(x + 5) 


Z 
Al. (x —3)(x*-— 2) 42. (3y +1)? 43. (y + 2)(y + 4) 
44, 3(2y + 5)(y+3) 45. (x — 7)(x? + 4) 

46. —1(y — 4)(y + 1), or(—y + 4)(y + 1), or(y — 4)(-y — 1) 
47. 4(2x + 3)(2x —5) 48. (5a — 3b)(2a — b) 

49. (2w —5)(3w2—5) 50. y(y + 6)(y + 3) 

51. (4x + 3y)(x + 2y) 52. —1(3z — 2)(2z + 3), or 

(—3z + 2)(2z + 3), or (3z — 2)(—2z — 3) 

53. (3t + 2)(4t? — 3) 54. (y — 4z)(y + 5z) 

55. (3x — 4y)(3x + 2y) 56. (3z — 1)(z + 3) 

57. (m — 8n)(m+ 2n) 58. 2(w — 3)? 

59. 2t(3t — 2)(3t-—1) 60. (z + 3)(5z* + 1) 

6l. (t-— 2)(t+7) 62. (2t-—5)* 63. (f— 2)(t + 6) 

64. —1(2z + 3)(z — 4), or (—2z — 3)(z — 4), or 

(2z + 3)(-z +4) 65. -l(y — 6)(y + 2), or 
or (y — 6)(-—y — 2) 66. Find the product of two binomials. 
For example, (2x* + 3)(x — 4) = 2x3 — 8x? + 3x — 12. 

67. There is a finite number of pairs of numbers with the 
correct product, but there are infinitely many pairs with the 
correctsum. 68. Since both constants are negative, the 
middle term will be negative so (x — 17)(x — 18) cannot bea 
factorization of x2 + 35x + 306. 69. No; both 2x + 6 and 
2x + 8 contain a factor of 2, so 2 - 2, or 4, must be factored out 
to reach the complete factorization. In other words, the largest 
common factor is 4, not 2. 


Exercise Set 11.5, p. 863 
1. Yes 3.No 5.No 7. Yes 9 (x — 7) 

ll. (x +8)* 13. (x—1)% 15. (x +2)? 17. (y + 6)? 
19. (t— 4)? 21. (q*-— 3)? 23. (4y + 7)? 
27. x(x — 9)? 29. 3(2qg— 3)* 31. (7 — 3x)?, or 
33. 5(y2 +.1)% 35. (1 + 2x2)? 37. (2p + 3q)? 
39. (a— 3b)* 41. (9a—b)? 43. 4(3a + 4b)? 45. Yes 
47. No 49. No 51. Yes 53. (y + 2)(y — 2) 

55. (p + 3)(p— 3) 57. (tf + 7)(t - 7) 

59. (a+ b)(a—b) 61. (5t + m)(5t — m) 

63. (10+ k)(10—k) 65. (4a + 3)(4a — 3) 

67. (2x + 5y)(2x — 5y) 69. 2(2x + 7)(2x — 7) 

71. x(6 + 7x)(6 — 7x) 73. (¢ + 7x4)(} — 7x4) 

75. (0.3y + 0.02)(0.3y — 0.02) 77. (7a* + 9)(7a* — 9) 
79. (a* + ee + 2)(a —2) 81. 5(x* + 9)(x + 3)(x — 3) 
83. (1 + y*)(1 yO =) 

85. ne 4)(x3 PNG 2) 87. (y+ 2)(y - 2) 

89. (5 + 4x)(5 — 4x) 91. (4m? + £7)(2m + £)(2m — 2) 

93. -11 94.400 95. -2 96. -0.9 97.2 98. —160 
99. x2 — 4xy + 4y? 100. $rx? + 2xy 101. y!” 

102. 25a*b® 

103. ¥ 104. 


(3x — 7)? 


105. Prime 107. (x+11)* 109. 2x(3x + 1)? 


(-y + 6)(y + 2), 


25. 2(x — 1)? 


111. (x4 + 24)(x? + 22)(x + 2)(x — 2) 
113. 3x3(x + 2)(x— 2) 115. 2x(3x + 2)(3x — 2) 
117. p(0.7 + p)(0.7 — p) 119. (0.8x + 1.1)(0.8x — 1.1) 


121. x(x +6) 123. (« + (x - 1) 
125. (9 + b2*)(3 — b*)(3 + DK) 127. (3b” + 2)2 


129. (y+ 4)? 131.9 133. Notcorrect 135. Not correct 


Exercise Set 11.6, p. 871 

1. 3(x + 8)(x — 8) 3. (a—5)? 5. (2x — 3)(x — 4) 

7. x(x +12)% 9, (x + 3)(x + 2)(x — 2) 

11. 3(4x + 1)(4x—1) 13. 3x(3x — 5)(x + 3) 

15. Prime 17. x(x* + 7)(x-—3) 19. x3(x — 7)? 

21. —2(x — 2)(x + 5), or2(—x + 2)(x + 5), or 

2(x — 2)(-x — 5) 23. Prime 

25. 4(x* + 4)(x + 2)(x — 2) 
27,(1+y*)\(1+y2)1+y\1-y) 29. x3(x - 3)(x - 1) 
B1. 3(3x° — 4)? 33. m(x? + y?) 35. Sxy(xy — 4) 

37. 2mr(h+r) 39. (a+ b)(2x + 1) 

Al. (x + 1)\(x-1-—y) 43. (n+ 2)(n + p) 

45. (2q-— 1)(3q + p) 47. (2b — a)’, or (a — 2b)? 

49. (4x + 3y)? 51. (7m? — 8n)*_—-453. (y* + 527)? 

55. (ja + 3b)? 57. (a + b)(a — 2b) 

59. (m + 20n)(m— 18n) 61. (mn — 8)(mn + 4) 

63. r3(rs — 2)(rs — 8) 65. a?(a — b)(a + 5b) 

67. (a + +b) a= ib) 69. (x + y)(x — y) 

71. (4 + p*q*)(2 + pq)(2 — pq) 

73. (1 + 4x8y8)(1 + 2x3y3)(1 — 2x3y3) 

75. (q+ 8)(¢+1)(q-1) 77. ab(2ab + 1)(3ab — 2) 

79. (m+1)(m—1)(m+ 2)(m— 2) 81. (t + 1)2(t — 1)? 
82.y=8x-4 83. y=-3x-12 84. y = —0.28x — 1.16 
85. y=—2x+% 86. 25x2 -— 10xt+ 22 87. —1# 

88. {xlx < 32} 89. X= < 91. (x — 5)(x + 2)(x — 2) 
93. (3.5x — 1)? 95. (5x + 4)(x + 1.8) 

97. (y— 2)(y+3)(y— 3) 99. (x — 1)(x + 2)(x — 2) 
101. Prime 103. (y— 1)? 105. (y+ 4 + x)? 


a a 


Calculator Corner, p. 880 
1. Left to the student 


Exercise Set 11.7, p. 881 

1. -4,-9 3, -3,8 5. —12,11 70,53 9. 0,18 
5 1 1 2 1 

ll. -3,-4 13.-3,3 15.4,¢ 17.0.3 19 -ipx 

21. 4,-20 23.0,3,5 25. -5,-1 27. -9,2 29. 3,5 

31.0,8 33.0,-18 35. -4,4 37. -3,2 39, -3 

41.4 43.0,2 45. -1,2 et -4,2 49. -1,2 

51.-4,55 53. -2,9 55. 4,3 57. (—4,0), (1,0) 

59. (-3,0), (2,0) 61. (—3,0),(5,0) 63. -1,4 

65. -1,3 67. (a+b)? 68.a7+b? 69. —-16 

70.-4.5 71.-% 72.3 73. -5,4 75. -3,9 

Ts i 79. —4,4 81. Answers may vary. 

(a) x2 — x — 12 = 0; (b) x? + 7x + 12 = 0; (©) 4x? —4x +1 = 0; 

(d) x* — 25 = 0; (e) 40x3 — 14x + x=0 83. 2.33, 6.77 

85. 0, 2.74 


Translating for Success, p. 890 


1.0 2M 3k 41 5G 6E 7C 8A 
9H 10.83 


Exercise Set 11.8, p. 891 


1. Length: 42 in.; width: 14in. 3. Length: 12 ft; width: 2 ft 
5. Height: 4cm;base:14cm 7. Base: 8 m; height: 16 m 


Chapter 11 A-27 


9. 182games 11. 12teams 13. 4950 handshakes 

15. 25people 17. 20people 19. 14and15 

21. 12and14;—-12and—-14 23. 15 and 17; —15 and —17 
25. Hypotenuse: 17 ft;leg: 15ft 27. 32ft 29. 9ft 

31. Dining room: 12 ft by 12 ft; kitchen: 12 ft by 10 ft 

33. 4sec 35. 5and7 37. Factor 38. Factor 

39. Product 40. Commonfactor 41. Trinomial 

42. Quotientrule 43. y-intercept 44. Slope 

45. 35ft 47. 5ft 49. 30cmbyl5cm 51. 7in. 


Summary and Review: Chapter 11, p. 897 


Concept Reinforcement 


1. False 2. True 3. False 4. True 


Important Concepts 

1. 4xy = 2. 9x2(3x3 —x +2) 3. (z- 3)(z% +4) 

4. (x + 2)(x +4) 5. 3(z — 4)(2z + 1) 

6. (3y—1)(2y +3) 7. (2x +1)% 8 2(3x + 2)(3x — 2) 
9, =5,.1 


Review Exercises 

1. 5y* 2. 12x38. 5(1 + 2x3)(1 — 2x3) 
5. (3x + 2)(3x — 2) 6. (x + 6)(x — 2) 
8. 3x(2x* + 4x +1) 9 (x + 1)(x? + 3) 
10. (3x — 1)(2x— 1) IL. (x? + 9)(x + 3)(x — 3) 
12. 3x(3x — 5)(x +3) 13. 2(x + 5)(x — 5) 

14. (x + 4)(x3 — 2) 15. (4x? + 1)(2x + 1)(2x — 1) 


4. x(x — 3) 
7. (x + 7/2 


16. 4x4(2x2 — 8x +1) 17. 3(2x+5)* 18. Prime 

19. x(x — 6)(x + 5) a (2x +5)(2x-—5) 21. (3x — 5)? 
22. 2(3x + 4)(x—6) 23. (x—3)* 24, (2x + 1)(x — 4) 
25. 2(3x — 1)? 26. ae + 3)(x-—3) 27. (x — 5)(x - 3) 


28. (5x — 2)? 29. (7b° — 2a4)* 30. (xy + 4)(xy — 3) 

31. 3(2a + 7b)? 32. (m+ 5)(m + t) 

33. 32(x? — 2y2z g(x? + 2y2z?) 34.1,-3 35. -7,5 

36. —4,0 37. a1 38. —-8,8 39. —2,8 

40. (—5,0), (—4, 0) Al. (-3,0), (5,0) 

42. Height:6cm;base:5cm 43. —18 and —16; 16 and 18 
44. -19and—17;17and19 45. On the ground: 4 ft; on the 
tree: 3ft 46.6km 47.B 48 A 49.2.5cm 50. 0,2 
51. Length: 12in.; width:6in. 52. Nosolution 53. 2, -3,3 


54, -2,3,3 55. x2(ar — 2) 


Understanding Through Discussion and Writing 
1. Although x? — 8x* + 15x can be factored as 
(x? — 5x)(x — 3), this is not a complete factorization of the 
polynomial since x? — 5x = x(x — 5). Gwen should always look 
for acommon factor first. 2. Josh is correct, because answers 
can easily be checked by multiplying. 
3. For x = —3: 

(x — 4)? = (-3 — 4)* = (-7)? = 49; 
(-3)]* = 7? = 49. 


= (1-4)? = (-3)? = 9; 
(4—x)? =(4-1)% =37 =9. 
In general, (x — 4)* = [—(—x + 4)]* = 
(-1)°(4 — x)? = (4 — x). 
4. The equation is not in the form ab = 0. The correct 
procedure is 


(x — 3)(x + 4) =8 
x2+x-12=8 
24x—-20=0 
(x + 5)(x — 4) =0 
x+5=0 or x-4=0 
x=-5 or x= 4, 


[-(4-2)P = 


The solutions are —5 and 4. 


A-28 Answers 


5. One solution of the equation is 0. Dividing both sides of the 
equation by x, leaving the solution x = 3, is equivalent to 
dividing by0. 6. She could use the measuring sticks to draw 
a right angle as shown below. Then she could use the 3-ft and 
4-ft sticks to extend one leg to 7 ft and the 4-ft and 5-ft sticks to 
extend the other leg to 9 ft. 


aft 
fe @ 
sn] ot 3ft 
Te 
2 
4ft Aft 5 ft 


Next, she could draw another right angle with either the 7-ft 
side or the 9-ft side as a side. 
3 ft 


ait 5 ft 

Then she could use the sticks to extend the other side to the 
appropriate length. Finally, she would draw the remaining side 
of the rectangle. 

4ft 5 ft 


7 ft 


9 ft 


Test: Chapter 11, p. 903 

[1l.la} 4x3 2, [11.2a] (x — 5)(x — 2) 3. [11.5b] (x — 5)? 
[11.1b] 2y2(2y? — 4y + 3) 5. [1 1.1c] (x + 1)(x? + 2) 
[1l.lb] x(x -— 5) 7. [11.2a] x(x + 3)(x — 1) 

[11.3a], [11.4a] 2(5x — 6)(x + 4) 

[11.5d] (2x + 3)(2x — 3) 10. [11.2a] (x — 4)(x + 3) 

1. [11.3a], [11.4a] 3m(2m + 1)(m + 1) 

12. [11.5d] 3(w + 5)(w—5) 183. [11.5b] 5(3x + 2)? 

14. [11.5d] 3(x? + 4)(x + 2)(x — 2) 15. [11.5b] (7x — 6)? 
16. [11.3al, [11.4a] (5x — 1)(x — 5) 17. [11.1c] (x + 2)(x3 — 3) 
18. [11.5d] 5(4 + x*)(2 + x)(2 —x 
19. [11.3a], [11.4a] 3¢(2t+ 5)(t- 1) 20. [11.7b] 0,3 

21. [11.7b] —4,4 22. [11.7b] —4,5 23. [11.7b] -5,3 

24, [11.7b] —4,7 25. [11.7b] (—5, 0), (7, 0) 

26. [11.7b] (3,0), (1,0) 27. [11.8a] Length 9a width: 6m 
28. [11.8a] Height: 4 cm; base: 14 cm . [11.8a] 5 ft 

30. [11.5d)A 31. [11.8a] arc a dt 3m 

32. [11.2a] (a — 4)(a + 8) . [11.7b] —8, 0, 2 

34. [10.6b], [11.5d] D 


ww 


CHAPTER 12 
Exercise Set 12.1, p. 912 


1.0 3.8 5-2 7. -4,7 9. -5,5 11. None 
(4x) (3x7) 2x(x — 1) (3 — x)(-1) 
13. : 7. 
(4x)(5y) 2x(x + 4) (4 — x)(-1) 
(y + 6)(y — 7) 2 8p" —3 
19. a1. ~ 93, P4 95 2 
(y + 6)(y + 2) 4 3 x 
+1 -3 -3 +5 
27, 29, 4 33. ~ 
2m +3 at+2 a-A4 X= 5: 
x2 +1 i 6 t+2 
35.a+1 37. 39.3 41 
x41 t-3 2(t — 4) 
t-—2 
45. ——_ 47. -1 49.-1 51.-6 53. -x-1 
t+2 


56x. 2 (a + 3)(a — 3) 6x lx +2 x(x + 6) 


55. 57. —>~ 59.1 61, —————— 17. 19. 21, ——___—_. 
3 dc? a(a + 4) (x — 2)(x + 2) 3x(x + 1) (x + 4)(x — 4) 
2a (t + 2)(t — 2) x+4 5(a + 6) 6 3x -1 lla 

63. 65. 67. 69. ———— Sad eae = apie a 

a-2 (t+ 1)(t- 1) x+2 a-l ; (x — 1) (a — 2) 
71. y 72. y ee 2(x* + 4x + 8) as 7a +6 
"x(x + 4) ‘(a — 2)(a + 1)(a + 3) 
ytyocd a (x? — 2x + 17) , 3a+2 
Renee > "(x — 5)(x + 3) “(a+ 1)\(a-1) 
a7 dogcet a. 292 Soe ge 
_ “ot “x-6’  x-6 6-x 

73. 18 and 20;-20and-18 74. 3.125L 43.y +3 45. ed) i gah ag 

75. (x — 8)\(x+7) 76. (a-—8)* 77. x3(x — 7)(x +5) (b + 4)(b — 4) x-5 

78. (2y2 + 1)(y—5) 79 (2+ t)(2- (4+ #7) Si ei SBR —x? + 9x — 14 Be 2(x + 3y) 

80. 10(x + 7)(x +1) 81. (x —7)(x-— 2) 82. Prime : * (x — 3)(x + 3) “(x + y)\(x - y) 

83. (4x — 5y)* 84. (a — 7b)(a— 2b) 85. x + 2y a+7at1 5t— 12 

(t - 9)°(t- 1) 57. 59. 61. x2 - 1 

he Pee (a + 5)(a— 5) (t + 3)(t — 3)(t — 2) 

(i S)(t+ 1) x — 5y 62. 13y3 — lay? + l2y-73 63. — > 64, —— 

- 5(2x +5) — 25 lox + 25 — 25 8x"°y 25y 

. = 1 25 
10 10 65. — 5 66-45 
10x xy x4y 
10 
=X 
You get the same number you selected. To do a number 
trick, ask someone to select a number and then perform 
these operations. The person will probably be surprised 
that the result is the original number. 68. 69. 
y ve 
Exercise Set 12.2, p. 919 
1 2—4x+7 ye piiee 
Lo = Baer 7 = 9. 3 stele 
4 x2 — 2 x2 +2x-5 _ > > 
: b (a + 2)(a + 3) (x — 1)? : x x x 
lle; 13. 15. 17. 19. 5 
a (a — 3)(a — 1) * 2y+x+10=0 
a1. 23,8 a5, 278 7 MTAY og 5 
° 8 ° 4 . 3(a — 1) “ Xx o2 71. -8 72.6 73.3,5 74. —2,9 75. Perimeter: 
2 = 3 
gu. ft1 gg YF gg Zt) a7 tule 77} ss as aia aan 
- is . a AN , . . 
c-1 2y-1 x-1 15 ‘i 2 (z + 2)(z— 2) 
38. Height: 7 in.; base: 10in. 39. 8x3 — 11x? — 3x + 12 79 liz* = 22z* + 6 
4y8 125x18 4x6 " (z2 + 2)(z2 — 2)(222 — 3 
40. —2p2 + 4pq—4q? Al. a a 7 a ee ele 3) 
1 1 . Aa T y J Exercise Set 12.5, p. 937 

44, 45. 47. 4 1 -a-4 7z — 12 

15p20 2 2(a2 + lL-— 31 = «5. a ; 
ab b 5ab“(a 4) . al 10 122 

Exercise Set 12.3, p. 923 ii 4x” — 13xt + 9t? ia 2(x — 20) iz 3 — 5t 

1.108 3.72 5.126 7.360 9.500 11.8% : 3x212 "(x + 5)(x — 5) * 20(t - 1) 

13.3 15.2 17. 12x3 19. 18x2y2—21. 6(y — 3) 2s — st — s2 y-19 2a? 

23, Hee 2 = 2) 25, (a2) ~ 2) 8) Gags 9? a 8 Gaweae 

27. (t+ 2)*(t- 4) 29. (a+ 1)(a— 1)2 : 13 8 wa 

31. (m— 3)(m— 2)? 33. (2 + 3x)(2 — 3x) 23.3 25. 27. 29. ——— 

35. 10v(v + 4)(v+ 3) 37. 18x3(x — 2)2(x + 1) ss y a . re 

39. 6x3(x + 2)2(x—2) 41. 120w® 43. (x — 3)? ai. a an aa) ae. (See) 

44, 2x(3x +2) 45. (x + 3)(x-—3) 46. (x + 7)(x — 3) (a + 5)(a — 5) x= 9 (x + 3)(x — 3) 

47. (x +3)% 48. (x-—7)(x +3) 49. 120x4; 8x3; 960x7 rT x—3 18x + 5 

50. 48x5; 16x5;768x!! 51. 20x2; 10x; 200x3 og Sea ae gar 

52. 48ab3; 4ab;192a*b* 53. 120x3; 2x2; 240x5 _9 20 2a —3 7-3 

54. a!°;a5;a29 55. The product of the LCM and the GCF is 45. <b : : 

‘ 2x —- 3 2y:= 1 2-a 2z-1 

the product of the two expressions. 2 p20 
: 53. 55. x° 56. 30x12 57. — 58. 18x 

Exercise Set 12.4, p. 929 x+y a® 

6 10 
6 4x + 11 ax +5 41 59. —- 60.-—~ 61. —-% 62.10 63. x2 —9x+18 
11 < ie as 9. 3 3 
3+x 2x - 1 x2 24r x x 
2(2x + 3 2 2 30 
( y) 4+3¢ ,. xit4ayty 64. (4—)r2— «65. 
x2y2 * "1873 : x2y? (x — 3)(x + 4) 


Chapters 11-12 A-29 


x? + xy — x3 + x2y — xy? + y3 


67. 
(a? + ye + y)7( =) 
4, 2a - 15 —2a3 — 15a* + 12a + 90 
69. Missing side: ; area: 
a—6 2(a — 6)? 


Mid-Chapter Review: Chapter 12, p. 941 


1. False 2. True 3. True 4. False 5. True 
Keach, « eel x-6 
ne xt+2 4-2 
x-1 x4+1 x=6 —1 
oS ae ee ee 
K-11 #K +1 6-x 
“x-2 x+2 x2—4 
x-1 x+1 6-—x 
~x-2 x2 (x — 2)(x + 2) 
xed 2 XFL XH 2 6 =x 
x-2 x+2 x+2 2-2 (x= 2)(x% + 2) 
x*+x-2 x*-—x-2 6-x 
(x -— 2)(xt+2)  (x— 2)(x+2) (x — 2)(x + 2) 
x? +x-2-x727+x+2-64+x 
- (x — 2)(x + 2) 
_ 3x -6 
~ (x = 2)(x + 2) 
3(x — 2) x-2 3 
~ (x—2)(x+2) x-2 x+2 
_ 3 
x +2 


x-1 oe 
"x-3 “ y-)1 


1 1 
12,-1 13. , OF 14. 10x3(x — 10)2(x + 10) 
=H +3 3 = 
ip. ig 
"G=3 “(y — 2)(y — 3) ; “x7y 
a? + 5ab — b? 2(3x2 — 4x + 6) 
19. 2b? 20. qe aD 21.E 22.A 


23. D 24. B 25. F 26. C 27. Ifthe numbers have 
a common factor, then their product contains that factor 
more than the greatest number of times it occurs in any one 
factorization. In this case, their product is not their least 
common multiple. 28. Yes; consider the product 


af Ee ny i al of th d ig ries alto th 
bd. bd’ be reciprocal of the product is Fe’ Lisis = i - 
product of the reciprocals of the two original factors: i ae 


29. Although multiplying the denominators of the expressions 
being added results in a common denominator, it is often not 
the /east common denominator. Using a common denominator 
other than the LCD makes the expressions more complicated, 
requires additional simplification after the addition has been 
performed, and leaves more room for error. 

30. Their sum is 0. Another explanation is that 


(4,)- a are 


x+3 
31. 


= 
is undefined for x = 5, ae is undefined for x = —1, 


=i r) is undefined for x = 7. 
x 1 


32. The binomial is a factor of the trinomial. 


x+1 


(the reciprocal of 


Calculator Corner, p. 946 
1.-2. Left to the student 


A-30 Answers 


Study Tips, p. 947 


1. Rationalexpression 2. Solutions 3. Rational 
expression 4. Rationalexpression 5. Rational 
expression 6. Solutions 7. Rational expression 

8. Solutions 9. Solutions 10. Solutions 11. Rational 
expression 12. Solutions 13. Rational expression 


Exercise Set 12.6, p. 948 


1.2 38 5.2 7-6 9 4 4. -4,-1 


13.-4,4 15.3 17.2% 195 21.5 23.3 25, -2 
27. - 29.44 31. Nosolution 33. —-5 35.2 


37.3 39. Nosolution 41. Nosolution 43. 4 
45. Nosolution 47. —2,2 49.7 51. Quotient 
52. Product 53. Reciprocals 54. Factoring 


55. Greatest 56. Not 57. Subtract 58. Additive 
1 


inverses 59. —¢ 61. Left to the student 


Translating for Success, p. 960 


Lk 2E 3C 4N 5D 60 7F 8H 
9B 10.A 


Exercise Set 12.7, p. 961 
1. 22hr 3. 252min 5. 3i2hr 7. 222min 9. 33 min 
11. Sarah: 30 km/h; Rick:70km/h 13. Passenger: 80 mph; 
freight:66 mph 15. 20mph_ 17. Hank: 14 km/h; 

Kelly: 19 km/h 19. Ralph: 5 km/h; Bonnie:8km/h = 21. 3 hr 
23, 3 students/teacher 25, 2.3km/h 27. 66g 29. 1.92 
31. 1.75lb 33. ligkg 35. (a) 0.269; (b) 168 hits; 

(c) 188hits 37. 22in.;55.8cm 39. 74 57.9 cm 

41. 73;232in. 43. 287trout 45. 200 duds 

47. (a) 4.8 tons; (b)48lb 49.4 51.2 53. 2 

55. 15ft 57. y=—2x+i 58 y=2x+% 


1 1 
59. x11 60. x 61. — 62. — 
xi x 


63. 64. 


y=2x-6 


69. Ann: 6 hr; Betty:12hr 71. 27min 


25 1 1+ 3x 2x+1 
1.7 3.3 5-6 7 11. 8 
J = "5% x 
y 1 ab 
13.x-8 15. 17 19 
-1 a b-a 
24 g2 2a(a + 2) 15(4 — a) 
ry ae aE 
q+p 5 — 3a2 14a*(9 + 2a) 
a7. 299.1 31. 2% *1 33, tale < 96} 
* bd ; "5x +3 . ~ 


34. {blb >} 35, {xlx < -3} 36. {mlm = 2% 


37. 4x4 4+ 3x3 +2x-7 38.0 39. (p—5)? 
40. (p+ 5)? 41. 50(p? — 2) 42. 5(p + 2)(p — 10) 


(x — 1)(3x — 2) 5x +3 


43. l4yd 44. 12ft,5ft 45. 


5x — 3 "3x +2 


Exercise Set 12.9, p. 980 

l. y= 4x;80 3. y= 1.6x;32 5. y = 3.6x; 72 
7. y = 2x; 9. (a) P = 12H; (b) $420 

11. (a) C = 11.258; (b) $101.25 13. (a) M = zB; 
(b) 18.3 lb; (c) 30 Ib 15. (a) N = 80,0008; 

(b) 16,000,000 instructions/sec 17. 934 servings 


75 15 80 
19. y= “gee or7.5 21. y= 


—:8 23. ola 
% “y x’ 10 


2100 0.06 
25. y= at 210 27y= ae 0.006 29. (a) Direct; 
(b) 693 players 31. (a) Inverse; (b) 4>hr 


33. (a) N= at (b)10gal 35. (a) I= a 


(b) 32 amperes 37. (a) m = * (b) 10 questions 


39. 8.25ft 41. 16x2- 2x +3 42. dx? — 36 

43. x3 —x*+2x+4 44, 25x? + 30x +9 

45. (7x + 5)(7x — 4%) 46, (13x + 1)? 

47. (5x — 7)(x +3) 48. (10x — 9)2 

49.2 50.11 51.9,16 52. —12,-9 

53.2, 54.-7,3 55.4 56.3% 57.-1 58. 49 

59. The y-values become larger. 61. P*? = kt 63. P= kV? 


Summary and Review: Chapter 12, p. 985 


Concept Reinforcement 
1. True 2. False 3. True 4. True 5. False 


Important Concepts 


x-1 yt+5 b+7 
. : 3. 4, -1 
2(x + 5) 5(y + 3) b+8 
5 x? — 4x — 10 3(2y — 5) 
“(x + 2)(x + 1)(x - 1) 5(9 — y) 


225 
8 y= 150x;y = 300 XS y= ge = 22.5 


Review Exercises 
10 2.6 3.-6,6 4. -6,5 5.-2 #426. None 


x-2 7x +3 y= 35 ioc 6 
“x+1 " x-3 “yt5 "5 
6 2x(x — 1) 
11. 12. —20t 13. ————— 14, 30x2y2 
2t-—1 x+1 
—3(x — 6) 
15. 4(a— 2) 16. (y— 2)(y+2)(y+1) 17, ———— 
( ) (y — 2)(y + 2)(y + 1) Pare 
2a 4 x+5 
18. -1 19. 20.d+c 21. 22. 
a-1 x—-A4 2X 
2x + 3 —x2 +x + 26 a(x — 2) 
23. 


24. 25. 

x= 2 (x — 5)(x + 5)(x + 1) x+2 
z 

Tog 2% 6-d 288 29. 5,3 30. Szhr 


31. 95mph,175mph 32. 240 km/h, 280 km/h 
33. 160 defective calculators 34. (a) i C; (b) 4} Cc; (c) 94 G 
35. 10,000 blue whales 36.6 37. y = 3x;60 


26. 


38.y=4416 3%y= 6 any=2;) a y=? 013 

» Y= 5X eer rr era 
5(a + 3)? 

42. $288.75 43. 1hr 44. C 45, A 46, ———— 


47. They are equivalent proportions. 


Understanding Through Discussion and Writing 


1. No; when we are adding, no sign changes are required so the 
result is the same regardless of use of parentheses. When we are 
subtracting, however, the sign of each term of the expression 
being subtracted must be changed and parentheses are needed 
to make sure thisisdone. 2. Graph each side of the equation 
and determine the number of points of intersection of the 
graphs. 3. Canceling removes a factor of 1, allowing us to 
rewritea:lasa. 4. Inverse variation; the greater the average 
gain per play, the smaller the number of plays required. 

5. Form a rational expression that has factors of x + 3 and 

x — 4inthedenominator. 6. If we multiply both sides of a 
rational equation by a variable expression in order to clear 
fractions, it is possible that the variable expression is equal to 0. 
Thus an equivalent equation might not be produced. 


Test: Chapter 12, p. 991 


1. [12.laJO 2. [12.la}-8 3. [12.la]—-7,7 4. [12.la] 1,2 
3x + 7 


x+3 
(5x + 1)(x + 1) 


3x(x + 2) 
23 — 3x 
11. {12.4a] 3 


5. [12.la]1 6. [12.la] None 7. [12.1c] 
+ 
8. (12.14) “> 9. [12.2b] 


10. [12.3a] (y — 3)(y + 3)(y + 7) 
x 
2(4 — 1) -3 2x - 5 
12. [12.5a] —[——— 13. [12.4a] 14, [12.5a] 
t~+1 x — 


y= 


15; (tadai— es tia sal =x" 78 = 15 
"tt — 1) see" (x + 4)(x — 4)(x + 1) 
x? + 2x -7 sy +1 

Tee 18, [12.8] 

(x — 1)?(x + 1) 


19. [12.6a] 12 20. [12.6a] -3,5 21. [12.9a] y = 2x; 50 


17. [12.5b] 


18 
22, [12.9a] y = 0.5x;12.5 23. [12.9c] y = = 550 


22 
24, [12.9c] y = 350 25. [12.9b] 240km 26. [12.9d] 1+hr 


27. [12.7b] 16 defective spark plugs 28. [12.7b] 50 zebras 
29. [12.7a) 12min 30. [12.7a] Craig: 65 km/h; Marilyn: 45 km/h 
31. [12.7b] 15 32. [12.6a]D 33. [12.7a] Rema: 4 hr; Reggie: 10 hr 


34. [12.8a] 


CHAPTER 13 


Calculator Corner, p. 998 
1. (-1,3) 2. (0,5) 3. (2,-3) 
6. (1.4, -1.8) 


4. (-4,1) 5. (3,2) 


Exercise Set 13.1, p. 999 


1. Yes 3. No 5. Yes 7. Yes 9. Yes 11. (4,2) 


13. (4,3) 15. (-3,—-3) 17. Nosolution 19. (2,2) 
21: (d, 1) 23. Infinite number ofsolutions 25. (5, —3) 
2x*-1 4 3(3x + 4) 
27. 28. 9. 
x?(x + 1) x=2 (x — 4)(x + 4) 
2x +5 . : A : 
30. ee 31. Trinomial 32. Binomial 33. Monomial 


34. Noneofthese 35.A=2,B=2 37. x + 2y=2, 
x—-—y=8 39.-41. Left to the student 


Exercise Set 13.2, p. 1005 

1. (-2,1) 3. (2,-4) 5. (4,3) 7. (2,-3) 9 (1,9) 
11. (4,-3) 13. (2,-4) 15. (4,58) 17. (6,3) 

19. (3-4) 21. (4,3) 23. (-3,0) 25. Length: 33 in.; 
width: 1}in. 27. Length: 365 mi; width: 275 mi 


Chapters 12-13 A-31 


29. Length: 40 ft; width: 20 ft 31. Length: 110 yd; 


width: 60 yd 33. 16 and 21 35. 12 and 40 
37. Length: 94 ft; width: 50ft 39. 20and8 
41. y 42, 


44, y 


45. (3x — 2)(2x — 3) 


46. (4p + 3)(p-—1) 47. Not 
49. x3 50. x? 


55. (4.38, 4.33) 


factorable 48. (3a — 5)(3a + 5) 
1 b8 yee 

51.— 52.— 53. (5.6, 0.6) 
x as 

57. Baseball: 30 yd; softball: 20 yd 


Exercise Set 13.3, p. 1013 


1. (6-1) 3. (3,5) 5. (2,5) 7. (-3,3) 9. (-1,3) 
11. Nosolution 13. (—1,—-6) 15. (3,1) 17. (8,3) 
19. (4,3) 21. (1,-1) 23. (-3,-1) 25. (3,2) 
27. (50,18) 29. Infinite number ofsolutions 31. (2,—1) 
33. (ayaa) 35. (—38,—-22) 37. Slope; y-intercepts 
38. Perpendicular 39. Solution 40. Direct 
41. Horizontal 42. Inverse 43. Slope-intercept 
44. Graph 45.-63. Lefttothestudent 65. (5,2) 
=i) ates) eee = je" 
(0-1) 69. (0,3) 71. x=", y= 
Mid-Chapter Review: Chapter 13, p. 1016 
1. False 2. False 3. True 4. True 
5% x+x-3=-1 
2x-3=-1 
2x=-1+3 
2x = 2 
x=1 
y=1-3 
y= -2 
The solution is (1, —2). 
6. 2x — 3y=7 
x + 3y = -10 
3x + Oy = -3 
3x =-3 
x=-l1 
-1+ 3y=-10 
3y=- 
y=-3 
The solution is (—1, —3). 
7. Yes 8. No 9. No 10. Yes’ 11. (3,-2) 12. (—2,3) 


13. Infinitenumber of solutions 14. No solution 

15. (5,-3) 16. (-2,-1) 17. (3,-2) 18. (4,3) 

19. Nosolution 20. (0,—1) 21. (—4,3) 22. Infinite 
number ofsolutions 23. Length: 5 ft; width: 4 ft 

24. 52and—-34 25. 12and8 26. Weknow that the first 
coordinate of the point of intersection is 2. We substitute 2 for x 
in either y = 3x — lory = 9 — 2x and find y, the second 


A-32 Answers 


coordinate of the point of intersection, 5. Thus the graphs 
intersect at(2,5). 27. The coordinates of the point of 
intersection of the graphs are not integers, so it is difficult to 
determine the solution from the graph. 28. The equations 
have the same coefficients of x and y but different constant 
terms. This means that their graphs have the same slope but 
different y-intercepts. Thus they have no points in common and 
the system of equations has no solution. 29. This is not the 
best approach, in general. If the first equation has x alone on 
one side, for instance, or if the second equation has a variable 
alone on one side, solving for y in the first equation is ineffi- 
cient. This procedure could also introduce fractions in the 
computations unnecessarily. 


Exercise Set 13.4, p. 1025 


1. Adults: 90; children: 230 3. 4 X 6 prints: 30;5 x 7 prints: 6 
5. Two-pointers: 35; three-pointers:5 7. $50 bonds: 13; 

$100 bonds:6 9. Cardholders: 128; non-cardholders: 75 

11. Solution A: 40 L; solution B:60L 13. Hay: 10 lb; grain: 5 lb 
15. Dimes: 70; quarters: 33 17. Brazilian: 200 Ib; Turkish: 100 lb 
19. 28% fungicide: 100 L; 40% fungicide: 200L 21. Large 
type: 4 pages; small type: 8 pages 23. 70% cashews: 36 lb; 
45% cashews: 24lb 25. Type A: 12; type B: 4; 180 

27. Kuyatts’: 32 yr; Marconis’: 16 yr 29. Randy: 24; Marie: 6 
31. 50°,130° 33. 28°,62° 35. 87-octane: 12 gal; 
93-octane: 6 gal 37. Dr. Zeke’s: 534 07; Vitabrite: 26% oz 

39. (5x + 9)(5x-—9) 40. (6+a)(6—a) 41. 4(x2 + 25) 
42. 4(x + 5)(x — 5) 

43. 


44, y 


y= —0.1x + 0.4 
(0, 0.4) 


45. 46. 


(4, 0) 
2.5x + 4y= 10 
—x* — 7x + 23 
47. 48. 49, —_____—_— 
x+2 x= 5 (x + 3)(x — 4) 
—2(x — 5) F 
50. ———————_ 51. 43.75L 53. 45L 55. 54 
(eo) (x=) 


Translating for Success, p. 1035 


1.C 2A 3G 4E 5J 61 7B 8&L 
9.0 10. F 


Exercise Set 13.5, p. 1036 


1. 


Speed | Time 
30 t 
46 t 
4.5 hr 
3. 5 
Speed | Time 
72 | #+3 d = 72(t + 3) 
120 t d = 120t 
Ld 
45 hr 


Speed Time 


r+ sos 4 
r-6 
14km/h 


7. 384km 9. (a) 24mph;(b)90mi_ ‘11. 14 minafter the 
toddler starts running, or a min after the mother starts running 


; x x5y3 at+3 x-2 
13. 15mi_ 15. 16. 17. 18. 
3 2 2 4 
1 x+2 3(x + 4) x4+3 
19.2 20. 21. : 23. 
x24] x+3 x-1 x+2 
oa, 425 og ¥ 42 BED oe: ented 
* x2 — 25 =] “2x2 4] nee sf 


3603 mi 29. 5; mi 


Summary and Review: Chapter 13, p. 1038 


Concept Reinforcement 
1. False 2. True 3. True 4. False 


Important Concepts 


1. Yes 2. (4,-2) 3. (-2,1) 4. (4,-3) 


Review Exercises 


1. No 2. Yes 3. Yes 4. No 5. (5,—2) 6. Infinite 
number ofsolutions 7. Nosolution 8. (0,5) 9 (—3,9) 
10. (3,-1) 11. (1,4) 12. (-2,4) 13. (1,—-2) 

14. (3,1) 15. (1,4) 16. Nosolution 17. (—2,4) 

18. (—2,-6) 19. (3,2) 20. (2,—4) 21. Infinite number 
ofsolutions 22. (—4,1) 23. Length: 37.5 cm; width: 10.5 cm 
24. Orchestra: 297; balcony: 211 25. 40 Lofeach 

26. Asian: 4800 kg; African: 7200 kg 27. Peanuts: 8 lb; fancy 
nuts:5lb 28. 87-octane: 2.5 gal; 95-octane: 7.5 gal 29. Jeff: 
39; hisson:13 30. 32°,58° 31. 77°,103° 32. 135 km/h 
33. 412.5mi 34D 35.A 36. C=1,D=3 

37. (2,0) 38.$960 39. y=-x+5,y = $x 
40.x+y=4,x+y=-3 41. Rabbits: 12; pheasants: 23 


Understanding Through Discussion and Writing 


1. The second equation can be obtained by multiplying both 
sides of the first equation by —2. Thus the equations have the 
same graph, so the system of equations has an infinite number 
ofsolutions. 2. The multiplication principle might be used to 
obtain a pair of terms that are opposites. The addition principle 
is used to eliminate a variable. Once a variable has been 
eliminated, the multiplication and addition principles are 

also used to solve for the remaining variable and, after a 
substitution, are used again to find the variable that was 
eliminated 3. Answers willvary. 4. Achart allows us to see 
the given information and the missing information clearly and 
to see the relationships that yield equations. 


Test: Chapter 13, p. 1043 
1. [13.la] No 2. [13.1b] y 


3. [13.2a] (8,—-2) 4. [13.2b](-1,3) 5. [13.2a] (1,3) 
6. [13.3a] (1,—-5) 7. [13.3b] No solution 8. [13.3b] (3, —3) 
9. [13.3b] (5,1) 10. [13.2c] Length: 2108.5 yd; width: 2024.5 yd 


11. [13.4a] Solution A: 40 L; solution B:20L = 12. [13.5a] 40 km/h 


13. [13.2c] Concessions: $2850; rides: $1425 

14. [13.2c] Hay: 415 acres; oats: 235 acres 15. [13.2c] 45°, 135° 
16. [13.4a] 87-octane: 4 gal; 93-octane: 8 gal 17. [13.4a] 20 min 
18. [13.5a] ll hr 19. [13.1b], [13.2b], [13.3b] D 

20. [13.la)C=-%D=* 21. [13.4a] 5 people 

22. (9.4c], [13.1b] y =ix+ 4, y = —2x +2 

23. [9.4c], [13.1b] x = 3,y = —2 


CHAPTER 14 


Calculator Corner, p. 1047 


1.6557 2. 10.050 3. 102.308 4. 0.632 5. —96.985 
6. —0.804 


Exercise Set 14.1, p. 1051 
1.2,-2 3.3,-3 5.10,-10 7. 13,-13 9. 16,—-16 
11.2 13. -3 15. -6 17. -15 19.19 21. 2.236 
23. 20.785 25. —18.647 27. 2.779 29. —168.375 
31. (a) About 3029 GPM; (b) about 4601 GPM 33. 0.977 sec 

3 
Kor 2 
45. No 47. Yes 49. No 5l1.c 53. 3x 55. 8p 
57. ab 59. 34d 61.x+3 63.a-—5 65. 2a-—5 
67. lly—9 69. 61°,119° 70. 38°,52° 71. $10,660 

1 (x + 2)(x — 2) 


(ae. -f45.5-—__,, — 
x+3 (x + 1)(x — 1) 


77. 16,-16 79. 7,-7 


35. 0.888sec 37.200 39.x 41. f%+1 43. 


72. 75. 1.7, 2.2, 2.6 


Calculator Corner, p. 1057 
1. False 2. False 3. False 4. True 


Exercise Set 14.2, p. 1058 

1.2V3 3.5V3 5.2V5 7.10V6 9.9V6 

11. 3Vx «13. 4V3x 15.4Va_ 17. By 19. xV13 
21. 2tV2) 23. 6V5_— 25. 12V2y 27. 2xV7 

29.x-3 31. V2(2x + 1),or(2x + 1)V2 

33. Vy(6+ y),or(6+y)Vy 35. 3 37. x 

39. x°Vx 41. Vt 43. (y— 2)4 45. 2(x +5)? 

47. 6mVm_ 49. 2a*V/2a_ 51. 2p®V26p 53. 8x3 yV7y 
55.3V6 57.3V10 59. 6V7x 61. 6Vxy 

63.13 65. 5bV3 67. 2t 69. aVbc 71. 2xyV2xy 
73.18 75. V10x—5 77.x+2 79. 6xy>V3xy 

81. 10x2y3V5xy 83. 33p4q2V/2pq_ 85. 16a*b3c°V3abc 
87. (-2,4) 88. (4,3) 89. (2,1) 90. (10,3) 

91. 10mph_ 92. 360ft? 93. 211 adults and 171 children 
94. 30% insecticide: 80 L; 50% insecticide: 120 L 

95. V5Vx—1 97. Vx + 6Vx—6 99. xVx- 2 

101. 0.5 103.2 105. 6(x— 2)?V10 107. 254x158\/2x 
109. a2 — 5Va 


Exercise Set 14.3, p. 1065 


13 36 5 V5 72 92 12 13.3y 15.4 


5 3a 
17.4 19-$ 21.4 23.2 25." 27 


"25 
5 9 V10 Vi14 3 
29. 31. 33. 35, “4 a7, ¥3 
Fi 7 5 4 6 
VI0 3V5 2V6 V3 Vie 
39. a1, 3¥5 4g, 2V8 gg V8X gy VY 
6 5 3 x y 
5 3 3V2 55 
49. _ 51. x3 53. ve 55 57. V2 
V55 V21 6 V3 
59. 61. 63. © 65.5 67. 2% 
11 6 2 x 
4yV5 V2 42 3V6 
69. mn, 2V24 73, V82x 7g 36 
5 4 3X 8c 


Chapters 13-14 A-33 


yVxy 3nvV/10 33. The square root of 100 is the principal, or positive, square 


77. P 79. 8 81. (4,2) 82. (10, 30) root, which is 10. A square root of 100 could refer to either the 
83. No solution 84. Infinite number of solutions positive square root or the negative square root, 10 or —10. 
: . 2 34. It is incorrect to take the square roots of the terms in the 
(x + 7) q 
85. (-3, -$) 86. (38, 3) 87. _———_ numerator individually—that is, Va + band Va + Vbare not 
x-—7 equivalent. The following is correct: 
= 2 -5 = = 

pe So Be a ES ae eis 9+100 V9+100 v109 

(x — 3)(x — 4) 2 c= 2 se 25 \/25 5 
92. 16a2 — 25b2 = 93. : 1.57 sec; 3.14 sec; 1.01 sec 95. ag: 35. In general, Va2 — b? # Va? — \V/b2. In this case, let 

V3ay y-x x = 13. Then Vx? — 25 = V/132 — 25 = V169 — 25 = 
arr ae VI44 = 12, but Vx2 — V25 = V13? — V25 = 13-5 = 8. 

36. (1) Ifnecessary, rewrite the expression as Va/Vb. 

Mid-Chapter Review: Chapter 14, p. 1069 (2) Simplify the numerator and the denominator, if possible, 
1. True 2. False 3. False 4. True by taking the square roots of perfect square factors. (3) Multi- 


ply by a form of 1 that produces an expression without a radical 


2_ _ > 
5. V3x2 — 48x + 192 = V3(x2 — 16x + 64) in the numerator. 


= V3(x — 8)? 
= V3" /(x — 8)? 83 Exercise Set 14.4, p. 1075 
es 8) 1.16V3 3.4V5 5.13Vx 7. -9Vd 
9.25V2 11. V3 13. V5 15. 13V2 17. 3V3 
6. V30V40y = V30 - 40y 19.2V2 21.0 23. (2 + 9x)Vx, or Vx(2 + 9x) 
= V1200y 25. (3 —2x)V3 27. 33V2x +2 29. (x + 3)Vx3 —1 
= V100- 12 -y 2 2V3 
tO dey 31. (4a2 + a2b —5b)Vb- 33. <V3, or v3 
= V100-4-3- 
y 13 13V2 1 V6 
= V100V4V3y 35. - V2, or - 37. g YS or 39. V15 -— V3 
= 10: 2Vv3y Al. 10+5V3—-2V7-V21 43.9-4V5 45. -62 
= 20V3y 47.1 49.13+ V5 51l.x-2Vxy+y 53. -V3- V5 
7. V18ab2V/14a2b! = V/18ab2 - 14a2b4 55.5 -2V6 57. — 59. 5 — 2V7 
= Ree a A 3 Fo as! «, HO 
= : g1, BYE gg Wt 8vEt+BV2 + V2x 
= V22.32-7-a2-a-b < teas ; pa 
= V22V32Va2Vb°V 74 gs, 2V4 74-1 go Vat avit Voat VBE gg 
=2-3-a-b3V7a : l-a : a-t a 
6 
5 
= 6ab?\/7a 7. =" 71. =1,6 722,85 73. % * 
; mT 3 A(x + 3) 
8. J ue -/~ = ‘| yo. 75. 14,270 ft 76. —9,—2,—5, -17, 0.678375 77. V13,5 
262" 11 2-2-1 ll _4V6 
33y2 yv33 yv33 79. Notcorrect 81. 5 
~Vo2.472 2-11 22 83. True; (3Vx + 2)? = (3Vx + 2)(3Vx + 2) = 


x-3 (3+ 3)(Vx + 2+ Vx + 2) = 9(x + 2) 
9. —-11,11 10. —— 11. (a)No;(b)yes 12. 8r3s3\/2r 
7 95 Calculator Corner, p. 1081 


= A. = 
Oe - Be 10 as . i Be ae oy 1 1. Left to the student 2. Left to the student 
22. 4q>V2q °% ONY sia : . 74 


Exercise Set 14.5, p. 1083 


= 3 baa ies 
eG) Settee eg Beet Aly Ta ee 1.36 3.1849 5.16 7.8% 95 113 13.2% 


yi2 15. Nosolution 17. Nosolution 19.9 21. 12 
28. 12x3y5zV10yz 29. 2V15xy 30. 7aV15 31. 5. 23.1,5 25.3 27.5 29. Nosolution 31. -2 33. 3 
% 3Vx 35. Nosolution 37.9 39.1 41.8 43. 256 
32, —~ —— 45. About 232 mi 47. 16,200ft 49. 211.25 ft; 281.25 ft 
v3 2% 51. Slope; y-intercepts 52. Squareroot 53. Principal 
3 V3x squareroot 54. Positive; direct 55. Quotient 
x 3 56. Positive;inverse 57. Quotient 58. Product 
3 xV3 59. -2,2 61. -2 63. 13 65. Left to the student 
Vx “3 67. Left to the student 
= V3 Translating for Success, p. 1090 
. 4/3x lJ 2k 3N 4H 5G 6E 7.0 8D 
a 9B 10.C 
V3 x 
7 Exercise Set 14.6, p. 1091 
3 xV3 1.17 3. V32 +5657 5.12 7.4 9. 26 


11.12 13.2 15. V2*1414 17.5 19.3 


A-34 Answers 


21. V1850 yd ~ 43.012 yd 23. About 21.2 ft 
25. V75m ~ 8.660 m 27. V26,900 yd © 164.012 yd 


29. (-3,-7;) 30. (89) 31. (-3,3) 32. (-10,1) 
33. -} 34.2 35. 12 -2V6~7.101 


Summary and Review: Chapter 14, p. 1093 


Concept Reinforcement 
1. True 2. True 3. True 4. False 


Important Concepts 

1. y*-— 3. 2. (a) Yes;(b)no 3. 20yV3 

4. 5a°b4V7b 5. 4x3y2V6x «6. DV3D- 7.23 

8. ave 9. (x+6)Vx—1 10.9+ V26 

i= 14Vv2 
79 


12.6 13.9,81 14. a= V657 © 25.632 


Review Exercises 


1.8,-8 2. 20,-20 3.6 4-13 5. 1.732 
6. 9.950 7. —17.892 8. 0.742 9. —2.055 
10. 394.648 llex*?+4 12.x 13,4-x 


2 
14. woe 15. Yes 16. No 17. No 18. Yes 

19m 20.x-4 21. 4x 22.2p-3 23. 4V3 

24. 4tV2 25. t-7 26.x+8 27. x4 28. 5a32V3a 


29. V21 30. Vx2 -—9 31. 2V15 32. 2xV10 
7 
33. SxyV2 34. 10a*bVab 35.3 36. 87. 
V2 xV15x Voy b?V/ab 


38. 39. 40. 4l. 
2 15 y a 
VI5 30 

42," 43. a 44.13V5 45. V5 
1 2 

46. V2, or? 47.7+4V3 48.1 49.8 —4V3 


50. 52 51. Nosolution 52.0,3 53.9 

54. (a) About 63 mph; (b) 405 ft 55. 20 

56. V3 ~ 1.732 57. V2,600,000,000 ft ~ 50,990 ft 
58. 9ft 59.B 60.C 61. V1525mi ~ 39.051 mi 


62. b=+4VA2- a2 63.6 


Understanding Through Discussion and Writing 


1. It is necessary for the signs to differ to ensure that the 
product of the conjugates will be free of radicals. 


2. Since V11 — 2x cannot be negative, the statement 

V11 — 2x = —3 cannot be true for any value of x, including 1. 
3. We often use the rules for manipulating exponents “in 
reverse” when simplifying radical expressions. For example, 

we might write x° as x4 - x or y®as (y3)?.__ 4. No; consider the 
clapboard’s height above ground level to be one leg of a right 
triangle. Then the length of the ladder is the hypotenuse of that 
triangle. Since the length of the hypotenuse must be greater 
than the length of a leg, a 28-ft ladder cannot be used to repair a 
clapboard that is 28 ft above ground level. 5. The square ofa 
number is equal to the square of its opposite. Thus, while 
squaring both sides of a radical equation allows us to find the 
solutions of the original equation, this procedure can also 
introduce numbers that are not solutions of the original 
equation. 6. (a) V5x2 = V5Vx2 = V5- |x| = |x|V5. The 
given statement is correct. 

(b) Let b = 3. Then Vb? — 4 = V32 — 4 = V9 — 4 = V5, but 
b—2=3 — 2 = 1. The given statement is false. 


(c) Let x = 3. Then Vx? + 16 = V32 + 16 = V9 + 16 = 
V25 = 5,butx + 4 =3 + 4 = 7. The given statement is false. 


Test: Chapter 14, p. 1099 

1. [14.1a]9,-9 2 [14.la]8 3. [14.la}—-5 4. [14.1b] 10.770 
5. [14.1b] -9.349 6. [14.1b] 21.909 7. [14.1d] 4 — y3 

8. [14.le] Yes 9. [14.le]No 10. [14.1f}a 11. [14.1f] 6y 
12. [14.2c] V30 13. [14.2c] Vx2-— 64 14. [14.2a] 3V3 
15. [14.2a}5Vx—1 16. [14.2b] t?2Vt 17. [14.2c] 5V2 


12 
18. [14.2c] 3ab*V2 19, [14.3b] 3 20. [14.3b] ~~ 


V10 V2x 3V6 

21. [14.3c — 22. [14.3c] ‘ y 23. [14.3a, c] vs 
7 6 6V5 
24. [14.3a Ma 25. [14.4a] -6V2 26. [14.4a] 5 VS or = 
40 + 10V5 


27. [14.4b]21 — 8V5 28. [14.4b] 11 29. [14.4c] 


30. [14.6a] V80 ~ 8.944 31. [14.5a] 48 32. [14.5a] —2, 2 
33. [14.5b] -3 34. [14.5c] (a) About 237 mi; (b) 34,060.5 ft 
35. [14.6b] V15,700 yd ~ 125.300 yd 36. A 37. [14.lal V5 
38. [14.2b] y8” 


CHAPTER 15 


Calculator Corner, p. 1107 
1061 2-155 33,8 42,4 


Exercise Set 15.1, p. 1108 

1. x2-3x+2=0;a=1,b 3,c=2 3. 7x2-4x+3=0; 
a=7,b=-4,c=3 5, 2x*-3x+5=0;a=2,b 3,c=5 
7.0,-5 9.0,-2 11.0,2 13.0,-1 15. 0,3 

17.0,5 19.0, 21.0,% 23. -12,4 25. -5,-1 

27. -9,2 29.35 31.-5 33.4 35. -3,5 

37. -2,4 39.-1,2 41.-5,-1 43. -2,7 45. -5,4 
47.4 49. -2,1 51. —-2,10 53. -4,6 55.1 

57. 2,5 59. Nosolution 61. -3, 1 63. 35 diagonals 
65. 7sides 67.8 68. —-13 69. 2V2 70. 2V3 

71. 2V5 72. 2V22) 73.9V5 74. 2/255 75. 2.646 


76. 4.796 77. 1.528 78. 22.908 79. —4,1 81. 0,8 
83. -1.7,4 85. -1.7,3 87. -2,3 89. 4 

Exercise Set 15.2, p. 1116 

111,-11 3. V7,-V7 5. = ve 7. 3,-3 

9. INS 11. V3,-V3 13.8,-8 15. -7,1 

17. -34 V21 19. -1342V2 21.74 2V3 

23. -9 4 V3d_ 25. — <u 27. -5,11 29. -15,1 
31. -2,8 33. -21,-1 35.14 V6 37. 11+ VI19 

39. -5+V29 41. et 43. —7,4 45. ee 
a aie iG" . ME i. 15 53, —3,2 


55. About 13.0sec 57. About9.2sec 59. Product 

60. Quadratic; equivalent 61. Principal square root 

62. Squareroot 63. Quotient 64. Product 65. Quotient 
66. Power; multiply 67. -12,12 69. —16V2,16V2 

71. —2Vc,2Vc 73. 49.896, —49.896 75. —9,9 


Calculator Corner, p. 1122 


1. The equations x* + x = —landx? + x + 1 = Oare 
equivalent. The graph of y = x? + x + 1 has no x-intercepts, 
so the equation x* + x = —1 has no real-number solutions. 


Chapters 14-15 A-35 


Exercise Set 15.3, p. 1123 


1-3,7 33 5.-$2 7. -3,2 9. -3,3 

llltv3 13.5+ V3 15.-24+ V7 17. — 
19. a 21. ae 23. No real-number solutions 
25. Eat 27. “= 29.-V5,V5 31. -2 + V3 
33. ae 35. -1.3,5.3 37. —0.2,6.2 39. -1.2,0.2 


41. 0.3,2.4 43.3V1I0 44. V6 45. 2V2 
46. (9x-—2)Vx 47. 4V5 48. 3x2V3x 49. 30x°V10 


V21 141 
S04 Siege G2 3; hr 53. 0,2 
34 V5 -7 + V6l —2 + VI10 
55. = 57. 59. “5-61. Yes 


63.-69. Left to the student 


Mid-Chapter Review: Chapter 15, p. 1125 
1. True 2. False 3. True 


x* — 6x =2 
x2-6x+9=2+9 
(x-3)*=11 

x-3= + VII 
x=3+4VI11 
5 3x? = 8x — 2 


3x2 — 8x +2=0 Standard form 
a=3, b 8 c=2 
We substitute for a, b, and c in the quadratic formula: 


—-b+ V b2 = dace 3 
x= Quadratic formula 
2a 
—(-8) + V(-8)* — 4-3-2 
x= Substituting 
2°3 
pu bt VOE= 24 _ 8 +t VIO _ 8 + VE 10 
6 6 6 
ea Bt 2V10 _ 24444 V10) 4+ VI0 
6 273 3 
6 a@=1;b=-5;c=10 7.a=1;b=14;c = -4 
8. a@=3)b = -liie= 9. 0,4 10. —2,5 11. 0,1 
12.7 13.-2,0 14. —-4,% 15. 0,22 16. 2,3 
9+ V57 7+ V113 
17. -2,5 18. -3,1 19. —g ee 
—3 + V33 
21. 8,10 22 A 23. No real-number solutions 
24, —8,8 25. Noreal-number solutions 26. 3 + V2 
14VvV5 
27, -3,) 2B. 4V3 29. — 30. —8, 12 
14v5 
31. Noreal-number solutions 32. a 33. —5,5 
1l+vll 
34. — 35. Noreal-number solutions 36. —2.4,3.4 


37. —3.4,-0.1 38 A 39.B 40.A 41.C 42.B 

43. C 44. B 45. Mark does not recognize that the + sign 
yields two solutions, one in which the radical is added to 3 and 
the other in which the radical is subtracted from 3. 46. The 
addition principle should be used at the outset to get 0 on one 
side of the equation. Since this was not done in the given 
procedure, the principle of zero products was not applied 
correctly. 47. The first coordinates of the x-intercepts of the 
graph of y = (x — 2)(x + 3) are the solutions of the equation 


A-36 Answers 


(x — 2)(x + 3) =0. 48. The quadratic formula would not be 
the easiest way to solve a quadratic equation when the equation 
can be solved by factoring or by using the principle of square 
roots. 49. Answers will vary. Any equation of the form 

ax® + bx + c = 0, where b* — 4ac < 0, will do. Then the graph 
of the equation y = ax? + bx + c will not cross the x-axis. 

50. Ifx = —5orx = 7, thenx + 5 = Oorx — 7 = 0. Thus 

the equation (x + 5)(x — 7) = 0, orx* — 2x — 35 = 0, has 
solutions —5 and 7. 


Exercise Set 15.4, p. 1130 


Vv 2 
ire 2 ap ee 5 pe ey 7.W= [a 


q kM S 
eee a iseoe 
a+b a+b i b-t 
2A — 2ar2 
ee". eget” gy pele 
=f h 2uTr 
p2 
h=——-r 21.R=—1* .Q=— 
2 To + ry 289 
2 —m + Vm? + 
pe Sagat Sy ae—" ea 
2g 2\ 7 2k 
31. a= Vc* — b? a3. += VS 
—qmh+ Vath? + 7A F 
35 37. v = 20,/— 
7 
2hv3 
39. a= Vc2 — b? a1. @ = 70NS 
2+V4-a(m-n 2 
43. T= ( ) 45, pam 
a 8k 
dv3 1+ VI +8N 
a i eee 
3 2 3S —1 
A S + 360 S 
53. B= 55. 2 = ; = +2 
QAt+1 180 180 
A-P BC —b b 
57. a joi, @ 6l. a 70 aaa K-c 


63. V65 ~ 8.062 64. V75 ~ 8.660 65. V41 ~ 6.403 
66. 44 ~ 6.633 67. V1084 = 32.924 68. V5 © 2.236 
69. V424ft ~ 20.591 ft 70. V12,500yd ~ 111.803 yd 

71. 3xV2 = 72. 8x2\V/3x 73. 3t) 74. x8Vx 


GC C2 
75. (a) r= ;(b) A = ;(c) C= 2VAT 
27 At 


Translating for Success, p. 1136 


1.M 2G 3F 4L 5D 6N 7.J 8&E 
9.B 10.C 


Exercise Set 15.5, p. 1137 

1. Length: 19 ft; width:4ft 3. 16in;24in. 5. Length: 14.8 yd; 
width; 4.6 yd 7. Length:20cm;width:16cm 9. 4.6m; 
6.6m 11. Length: 5.6in.; width:3.6in. 13. Length: 6.4 cm; 
width:3.2cm 15.3cm 17. 7km/h~ 19. 2km/h 

21. 0 km/h (no wind) or 40 km/h 23. 8mph 

25. lkm/h 27. 8V2 28. 12V10— 29. (2x — 7) Vx 
30.-V6 31. sve 32. aN8 33. 5V6 — 4V3 

34. (9x + 2)Vx 35. y-intercept: (0, 4); x-intercept: ( 0) 
36. y-intercept: (0, —9); x-intercept: (15, 0) 

37. 12V/2in. © 16.97 in.; two 12-in. pizzas 


Visualizing for Success, p. 1145 


lJ 2F 3H 4G 5B 6E 7D 81 
9.C 10.A 


Exercise Set 15.6, p. 1146 


y= -2x°-4x +1 


> 
x 


a 
=< 


a 


y=xX-x-6 


25. (—V2,0);(V2,0) 27. (-5,0);(0,0) 29. ( 


(= + V33 0 
y , 


2 
) 31. (3,0) 33. (—2 — V5,0); (—2 + V5, 0) 


29.76 
38. 25y°Vy 39. y= — 40. 35 
41. fe 42. 49.55 43. (a) After 2 sec; after 4 sec; (b) after 
3 sec; (c) after6sec 45. 16; two real solutions 
47. —161.91; no real solutions 


35. None 37. 22V/2 


Calculator Corner, p. 1152 
1-12.88 2,-9.2 3.-2 £4. 20 


Exercise Set 15.7, p. 1156 


1. Yes 3. Yes 5. No 7. Yes 9. Yes’ 11. Yes 

13. Arelation but notafunction 15. (a) 9; (b) 12; (c) 2; (d) 5; 
(e) 7.4; (f) 52 17. (a) —21; (b) 15; (c) 42; (d) 0; (e) 2; (f) — 162.6 
19. (a) 7; (b) —17; (c) 24.1; (d) 4; (e) —26; (f)6 21. (a) 0; (b) 5; 
(c) 2; (d) 170; (e) 65; (f) 230 23. (a) 1; (b) 3; (c) 3; (d) 4; (e) 11; 
(f) 23. 25. (a) 0; (b) —1; (c) 8; (d) 1000; (e) —125; (f) —1000 
27. (a) 159.48 cm; (b) 153.98cm 29. 129. atm; 1}° atm; 433 atm 
31. 1.792 cm; 2.8 cm; 11.2 cm 


-1- V33 0) 


37. y 
g(x) = -2x +3 
> 
a ei F 


" fO) = 5x41 
() =3x-1 


39. oy 41. y 


43. 
fo) =x 
> > 
x x x 
f@ = x-x-2 
f@=2-hl 


45. Yes 47. Yes 49. No 51. No _ 53. About 75 per 
10,000 men 55. No 56. Yes 57. Nosolution 

58. Infinite number of solutions 

59. yorg() 61. yorg(o 


x 


f(x) = |x| +x 

Summary and Review: Chapter 15, p. 1160 
Concept Reinforcement 
1. False 2. True 3. True 4. True 
Important Concepts 

V77 V77 34 V21 
1-32 2.-——,———_ 3. 24V3 4, ——— 

7 7 4 

5 y 6. Yes 


y=x —4x+2 


7. (a) h(5) = 9; (b) f(0) = —4 


Review Exercises 


1. —V3, V3 2. -2V2,2V2 3.2,1 4. -2,4 
1+ VvV10 

5. -8+V13 60 7. 0,2 8 14 VvVi11 a 

2+VvV3 3 4+ V33 
10. -3+3V2 11. aM 12. a 13. No real- 
number solutions 14. 0,4 15. -5,3 161 17.24 V2 
18. -1,3 19.0.4,46 20. -1.9,-0.1 21. T= L(4V2-1) 
22. 23. 


24. (—V2,0);(V2,0) 25. (2 — V6,0);(2 + V6,0) 
26. 4.7cm,1.7cm 27. 15ft 28. About8.1 sec 
29. -1,-7,2 30. 0,0,19 31. 2700 calories 


Chapter 15 A-37 


g(x) =4-x fo =x? -3 
34, 4 35 y 
h(x) =|x| -5 
x x 


fd =x -2x41 


36. No 37. Yes 38. D 39. A 40. 31 and 32; —32 and 
-31 41. 5V7zin.,orabout8.9in. 42.25 43. —4,-2 
44, —-5,-1 45. -6,0 46. -3 


Understanding Through Discussion and Writing 


1. The second line should be x + 6 = V16orx + 6 = —VI6. 
Then we would have 

x+6=4 or x+6=-4 

x=-2 or x= -10. 

Both numbers check so the solutions are —2 and —10. 
2. No; since each input has exactly one output, the number of 
outputs cannot exceed the number ofinputs. 3. Find the 
average, v, of the x-coordinates of the x-intercepts, v = mt 
Then the equation of the line of symmetry is x = v. The 
number vis also the first coordinate of the vertex. We substitute 
this value for x in the equation of the parabola to find the 
y-coordinate of the vertex. 4. Ifa > 0, the graph opens up. 
Ifa < 0, the graph opens down. _ 5. The solutions will be 
rational numbers because each is the solution of a linear 
equation of the form mx + b = 0. 


Test: Chapter 15, p. 1165 
1, (15.2a)-V5, V5.2. [15.1b] -8,0 3. [15.1c] -8,6 


1+v13 

4. [15.1c] -4,2 5. [15.2b]8 + V13_ 6. [15.3a] ee 

3 4 V37 1+ V37 
re [15.3a] —— 8. [15.3a] —24v14 9. [15.3a 6 
10. [15.1le]—-1,2 11. [15.lc)—4,2 12. [15.2c]2 + V14 

—b + Vb? + 4ad 
13. [15.3b] —1.7,5.7 14. [15.4a] n = on a 
L= V.21 1+ V21 
15. 1s.6b) ( 0), ( 0) 
2 2 
16. [15.6a] y 17. [15.6a] 
y=4-x° 
(0, 4) 


y= -x$x45 
18. [15.7b] 1; 1332 19. [15.7b] 1;3;-3 20. [15.5a] Length: 
6.5m; width:2.5m 21. [15.5a]24km/h = 22. [15.7e] 25.86 min 
23. [15.7c] y 24. [15.7c] 


h(x) =x-4 


A-38 Answers 


25. [15.7d] Yes 26. [15.7d]No 27. [15.7b]D 28. [15.5a]5 + 5V2 


29. [13.2b], [15.3a] (1 + V5, -1 + V5), (1 — V5, -1 — V5) 


APPENDIXES 


Exercise Set A, p. 1178 

1.12 3.4 5.5280 7.108 9%7 IL. 13,0rl5 

13. 26,400 15. 54,0r5.25 17.34 19. 37,488 

21, 14,0r1.5 23. 14,061.25 25,110 27,2 29. 300 
31.30 33.4 35. 126,720 37. (a) 1000; (b) 0.001 

39. (a) 10;(b)0.1 41. (a) 0.01;(b) 100 43. 6700 45. 0.98 
47. 8.921 49. 0.05666 51. 566,600 53. 4.77 55. 688 
57. 0.1 59. 100,000 61.142 63. 0.82 65. 450 

67. 0.000024 69. 0.688 71. 230 73. 3.92 75. 180; 0.18 
77. 278; 27.8 79. 48,440; 48.44 81. 4000; 400 83. 0.027; 
0.00027 85. 442,000; 44,200 87. 100.65 89. 727.4394 
91. 104.585 93. 289.62 95. 112.63 97. 9.14 

99. 81.8896 101. 1250.061 103. 6.18109 105. 1376.136 
107. 0.51181 109.-119. Answers may vary, depending on the 
conversion factor used. 


yd cm in. m mm 


109. 0.2361 21.59 83 0.2159 215.9 


111. | 52.95934 | 4844 | 1907.0828 48.44 48,440 


113. 4 365.6 144 3.656 3656 


115. | 0.000295 | 0.027 | 0.0106299 | 0.00027 0.27 


117. | 483.548 | 44,200 | 17,401.54 442 442,000 
) 


119. lin. = 25.4mm 


Exercise Set B, p. 1186 


1.2000 3.3 5.64 7. 12,640 9.01 11.5 

13. 26,000,000,000 lb 15. 1000 17.10 19. iw or 0.01 
21. 1000 23.10 25. 234,000 27.5.2 29. 6.7 

31. 0.0502 33. 8.492 35. 58.5 37. 800,000 39. 1000 
41. 0.0034 43. 0.0603 45. 1000 47. 0.325 49. 210,600 
51. 0.0049 53. 125mcg 55. 0.875 mg; 875 mcg 

57. 4tablets 59. 8cc 61. 144 packages 


Exercise Set C, p. 1192 

1. 1000;1000 3. 87,000 5. 0.049 7. 0.000401 
9. 78,100 11. 320 13. 10 15. 32 17. 20 
19.14 21. 88 


( gal qt pt cups | oz ) 
23. 1.125 4.5 9 18 144 
25. 16 64 128 256 | 2048 
27. 0.25 1 2 4 32 

| 29. 0.3984375 | 1.59375 | 3.1875 | 6.375 51 i 

( L mL cc ane | 


31. 2 2000 2000 2000 


33. 64 64,000 | 64,000 | 64,000 


35. | 0.355 355 355 355 


37. 2000mL 39. 0.32L 41.59.14mL 43. 500 mL 
45. 125mL/hr 47.9 49. : 51.6 53. 15 


55. 1.75 gal/week; 7.5 gal/month; 91.25 gal/year; 76.5 million Exercise Set J, p. 1225 


gal/day; 27.9225 billion gal/year 1.4,-4 3.12,-12 5.20,-20 7.-% 9.14 
Exercise Set D, p. 1197 11. 0.06 13. Does notexistasarealnumber 15. 18.628 


1.24 3.60 5. 365+ 7.005 9.82 11.65 17. 1.962 19. y*+16 21. 23. 4|x| 25. 12|c| 


13. 10.75 15.336 17.4.5 19.56 21. 86,164.2sec y~t 
23. 77°F 25. 104°F 27. 186.8°F 29. 136.4°F 27. |p +3| 29. |x— 2] 31.3 33. —4x 35. —6 
31. 35.6°F 33. 41°F 35. 5432°F 37. 30°C 39. 55°C 37. 0.7(x+1) 39.-5 41. -5 43. |x| 45. 5/al 
41. 81.1°C 43. 60°C 45. 20°C 47. 6.6°C 49. 37°C 47.6 49. |a+b| Sly 53.x-2 55. Vy 57.2 
51. (a) 136°F = 57.7°C, 563°C = 134°F; (b) 2°F 53. 53.3°C 59. W/a3b3) 61. 8-63. 343.—=Ss«GDj «174/2—s«@G 7. 18/3 
55. About 0.03 yr 69. (xy2z)/5 71. (3mn)3/*_— 73. (8x2y)9/7 75. aa5 
Exercise Set E, p. 1201 77, 3 79, —! 81. (y" 83. sacl? 
1. {3,4,5,6,7,8} 3. {41,43,45,47,49} 5. {—3,3} ae (2rs)3/4 We 4 
7. False 9. True 11. True 13. True 15. True 85.578 87. 71/4 89, 4.91/2 91. 63/28 93, a?3/12 
17. False 19. {c,d,e} 21. {1,10} 23. {},or@ 
25. {a,e,i,0,u,q,c,k} 27. {0,1,7,10,2,5} Exercise Set K, p. 1230 
29. {a,e,i,0,u,m,n,f,g,h} 31. {x|xisaninteger} 1. (-00,5) 3. [-3,3] 5. (-8,-4) 7. (—2,5) 
33. {x|xisrealnumber} 35. {},or@ 37. (a) A; (b) A; 9. (— V2, 0) 
(c)A;(d) {},or@ 39. True ll. {x|x > —-1}, or(—1, &) 
Exercise Set F, p. 1205 = 10 
lL. (z+ 3)(22-32+9) 3. (x—1)(x2 +x4+1) 13. {xlx > 3}, or (3, 0) 
5. (y + 5)(y2 — Sy +25) 7. (2a + 1)(4a2 — 2a + 1) anaee tan Gad 
9. (y — 2)(y2 + 2y+4) 11. (2 — 3b)(4 + 6b + 9b?) 15. {x|x < —60}, or (—00, —60) 
13. (4y + 1)(16y? — 4y +1) 15. (2x + 3)(4x? — 6x + 9) +44 
17. (a— b)(a2 + ab+b?) 19. (a + 3)(a? - 3a +4) 17. {ala < —22}, or (—00, -22] 
21. 2(y — 4)(y2 + 4y + 16) 23. 3(2a + 1)(4a” — 2a + 1) 255 
25. r(s + 4)(s* — 4s + 16) 27. 5(x — 2z)(x? + 2xz + 427) a aa a ee 
29. (x + 0.1)(x* — 0.1x + 0.01) 19. {x|x < 0.9}, or(—00,0.9] 21. {xlx < al, or (—co, 3] 
31. a . ae + me + #4) 23. {x|x < 6},or(—00,6) 25. {yly = —3}, or (—09, —3] 
33. 2y(y — 4)(y2 + 4y + 16 2 2 
as (a? + z+l)(zt (22-241) 27. iwly > 3}, 0" (3.°0) 
37. x + ay - ee + 16y*) 39. 1;19;19;7;1 Exercise Set L, p. 1235 
Al. (x? + y "y(a* — x2ayb + y2b) 1. {xlx < —20rx > 6}, or (—©%, —2) U (6, «) 
43. Ve + 2y 24 — 2x4yP + ay?) 3. {xl-2 <= x = 2},or[-2,2] 5. {x|-1 = x = 4}, or[-1,4] 
45. (5 xy + z)(}x2y ay? — Sxyzt 22) 47. y(3x? + 3xy + y?) 7. {x|-1 <x < 2},or(-1,2) 9. Allreal numbers, or 
49. 4(3a* + 4) (—00,00) IL. {x]2 < x < 4}, or (2,4) 

. 13. {xlx < —-20r0 < x < 2}, or (—o, —2) U(0, 2) 
Exercise Sh: G) By ial0 15. {x|-9 < x < —lorx > 4}, or (-9, -1) U (4, 00) 
Pe SS ee ae de eat 17. {xlx < —30r—2 < x < 1}, or (—09, —3) U (—2, 1) 
7y=-3x-6 BWy=4 Ll y=-Axt+F 19. y 21. y 
B.y=x+3 bey=x 17 y=3x-5 
W.y=3x+5 2y=-ix w2Wy=Ax+B | y<4-2? 
25. y= 5x+3 jf 4 
Exercise Set H, p. 1213 i \ 
1. {-3,3} 3.@ 5. {0} 7. {-9,15} 9. {-},3} es 4 r \ 5 
11. {-3,3} 18. {-11,11} 15. {-291,291} seo i \ 
17. {-8,8} 19. {-7,7} 21. {-2,2} 23. {-7,8} f 1 
25. {-12,2} 27. {-37} 29.0 31. {-8,-g} y ‘ 
33. {x|x = —5},or[-5,00) 35. {1,-4} 23. y 25. y 
Exercise Set I, p. 1216 ’ : 
15 3. V29~5.385 5. V648 ~ 25.456 7. 7.1 1 q 
9. _ =0.915 11.2 13. V6970 ~ 83.487 ’ j 
15. Va2 + b2 17.2 19. V17 + 2V14 + 2V15 © 5.677 x x 
21. V9,672,400 ~ 3110.048 23. (3,3) 25. (0,4) ene a) 
27. (-1,-¥) 29. (-0.25,-0.3) 31. (—bx) SY) yet t4x-1 
33. Gane ; ve 3) 35. (-4,0) 37. V49 + k2 


39. 8Vm2 +n? 41. Yes 43. (2,4V2) 


Chapter 15-Appendixes A-39 


27. yh 29. yA Exercise Set N, p. 1246 
ml ' 1. 0.57,0.43 3. 0.075, 0.134, 0.057, 0.071, 0.030 5. 0.633 
y | Nees et 7.52 94 115 134 154 17.0 193% 
/ \ 21.3 23.4% 
\ 
L 
l 4 Exercise Set O, p. 1254 
1 
ye Pa i i 1. iV35, or V35i 3. 43-5. — 27-3, or —2°V3 
f 1 7. iV3,or V3i. 9. 9s. 772, or 7V'2i.— «W138. -7i 
I \ 15. 4 — 2V15i,or4 — 2iVI5. «17.12 -4i 19.9 -5i 
J f 21.7+4i 23.-4-4i 25.-1+i 27.11+6i 
29.-18 31.-V14 33.21 35. -6+24i 37.1 + 5i 
31. y 33. ; 39. 18+ 14i 41.38+9i 43.2-46i 45.5 — 12i 
‘ ' 47.-24+10i 49.-i 51.1 53.-1 55.i 57. —-1 
\ i 59. -125i 61.8 63.1-23i 65.0 67.0 69.1 
} ! V6 9,13 
\ ! 71.5 -8i 73.2 i 7.4+8i 77. -i 
\ I 2 
‘ear i=) p82) i, ay ee, = 
Lod 87,-1-1i 89, -2+4i 
. 91. x*-2x+5=0 
2 aad T 
Ye Be ae I (i= Bp? = oh ~ S745 80 
1-4i+ 477-2+4i+5 
1-4i-4-2+4i7+5 
Exercise Set M, p. 1241 0 TRUE 
1. y Yes 
93. x? -—4x-5=0 
(24+ i)2-4(2+-—5 20 
uy} 4+ 4i+i2?-8-4i-5 
* 4+4i-1-8-4i-5 
—10 FALSE 
No 
5 v39 1 7 
95. +37 97.7421 99.—+ i 101. -~+—i 
47> 4 2° 2 
103. 2 + 31 105. SE 2V2i 107. -1+2i 109. 2 +i 
1,3 1 3. 
111. gr 51 113 Oe rege cement | 
2" 2 
x 


A-40 


Answers 


Additional Instructor's 
Answers 


CHAPTER 9 CHAPTER 10 
Exercise Set 9.1 Exercise Set 10.5 
76. Second 


Exercise Set 9.7 
34. 


Glossary 


A 


Abscissa The first coordinate in an ordered pair of 
numbers 

Absolute value The distance that a number is from 0 on 
the number line 

ac-method A method for factoring trinomials of the 
type ax? + bx + c,a ¥ 1, involving the product, ac, of 
the leading coefficient a and the last term c; also 
called the grouping method 

Acute angle An angle whose measure is greater than 0° 
and less than 90° 

Acute triangle A triangle in which all three angles are 
acute 

Addends _In addition, the numbers being added 

Additive identity The number 0 

Additive inverse A number's opposite; two numbers are 
additive inverses of each other if their sum is zero. 

Additive inverse of a polynomial Two polynomials are 
additive inverses, or opposites, of each other if their 
sum is zero. 

Algebraic expression A number or variable or a 
collection of numbers and variables on which 
operations are performed 

Angle A set of points consisting of two rays (half-lines) 
with a common endpoint (vertex) 

Area The number of square units that fill a plane region 

Arithmeticmean A center point of a set of numbers 
found by adding the numbers and dividing by the 
number of items of data; also called the average or the 
mean 

Arithmetic numbers The set of whole numbers and posi- 
tive fractions; also called nonnegative rational numbers 

Ascending order When a polynomial is written with the 
exponents of the variable increasing as read from left 
to right, it is said to be in ascending order. 

Associative law of addition The statement that when 
three numbers are added, regrouping the addends 
gives the same sum 

Associative law of multiplication The statement that 
when three numbers are multiplied, regrouping the 
factors gives the same product 


Average Acenter point ofa set of numbers found by 
adding the numbers and dividing by the number of 
items of data; also called the mean or the arithmetic 
mean 

Axes Two perpendicular number lines used to identify 
points in a plane 


B 

Bar graph A graphic display of data using bars 
proportional in length to the numbers represented 

Base In exponential notation, the number being raised 
to a power 

Binomial A polynomial containing two terms 


Cc 


Celsius A temperature scale in which water freezes at 0° 
and water boils at 100° 

Circle The set of all points in a plane that are a given 
distance (radius) from a given point (center) 

Circle graph A graphic display of data using a divided 
circle to show the percent of a quantity in each of 
several categories; also called pie chart 

Circumference The distance around a circle 

Coefficient The numeric multiplier of a variable 

Commission A percent of total sales paid toa 
salesperson 

Commutative law of addition The statement that when 
two numbers are added, changing the order in which 
the numbers are added does not affect the sum 

Commutative law of multiplication The statement 
that when two numbers are multiplied, changing the 
order in which the numbers are multiplied does not 
affect the product 

Complementary angles Two angles for which the sum 
of their measures is 90° 

Completing the square Adding a particular constant to 
an expression so that the resulting sum is a perfect 
square 

Complex fraction expression A rational expression that 
has one or more rational expressions within its 
numerator and/or denominator 


Complexnumber Any number that can be named 
a + bi, where a and bare any real numbers 

Complex-number system A number system that 
contains the real-number system and is designed so 
that negative numbers have defined square roots 

Complex rational expression A rational expression that 
has one or more rational expressions within its 
numerator and/or denominator 

Composite number A natural number, other than 1, 
that is not prime 

Compound interest Interest computed on the sum of 
an original principal and the interest previously 
accrued by that principal 

Congruent angles Two angles that have the same 
measure 

Congruent segments Two line segments that have the 
same length 

Congruent triangles Triangles in which corresponding 
angles and sides are congruent 

Conjugate ofa complex number The conjugate of 
a + biisa — bi, and the conjugate of a — biisa + bi. 

Conjugates Pairs of radical terms, like Va + Vb and 
Va — Vborc + Vdandc — V4, for which the 
product does not have a radical term 

Consecutive even integers Even integers that are two 
units apart 

Consecutive integers Integers that are one unit apart 

Consecutive odd integers Odd integers that are two 
units apart 

Constant A number or letter that stands for just one 
number 

Constant of proportionality The constant in an 
equation of direct or inverse variation 

Coordinates The numbers in an ordered pair 

Coplanar lines Lines in the same plane 

Cross products Given an equation with a single 
fraction on each side, the products formed by 
multiplying the left numerator and the right 
denominator, and the left denominator and the 
right numerator 

Cube root The number cis called a cube root of a, 
written Va, ifc3 = a. 


D 


Decimal notation A representation of a number 
containing a decimal point 

Degree ofa polynomial The degree of the term of 
highest degree in a polynomial 

Degree ofaterm The sum of the exponents of the 
variables 

Denominator The number below the fraction bar in a 
fraction 

Descending order When a polynomial is written with 
the exponents of the variable decreasing as read from 
left to right, it is said to be in descending order. 

Diagonal of a quadrilateral A line segment that joins 
two opposite vertices 


G-2 Glossary 


Diameter A line segment that passes through the 
center of a circle and has its endpoints on the circle 

Difference The result of subtracting one number from 
another 

Difference of cubes An expression that can be written 
in the form A? — B8 

Difference of squares An expression that can be written 
in the form A? — B? 

Digit A number 0, 1, 2,3, 4, 5, 6, 7, 8, or 9 that names a 
place-value location 

Direct variation A situation that translates to an 
equation of the form y = kx, with ka positive constant 

Discount The amount subtracted from the original 
price of an item to find the sale price 

Discriminant The radicand, b” — 4ac, from the 
quadratic formula 

Distance formula The equation 
d= V (x2 — x)2 + (yo — y1)? that represents 
the distance between two points, (x1, y,) and (x2, y2), 
on the coordinate plane 

Distributive law of multiplication over addition The 
statement that multiplying a factor by the sum of two 
numbers gives the same result as multiplying the 
factor by each of the two numbers and then adding 

Distributive law of multiplication over subtraction The 
statement that multiplying a factor by the difference 
of two numbers gives the same result as multiplying 
the factor by each of the two numbers and then 
subtracting 

Dividend In division, the number being divided 

Divisible The number bis said to be divisible by 
another number aif b is a multiple of a. 

Divisor In division, the number dividing another 
number 

Domain The set of all first coordinates of the ordered 
pairs in a function 


E 


Elimination method An algebraic method that uses the 
addition principle to solve a system of equations 

Emptyset The set without members 

Equation A number sentence that says that the 
expressions on either side of the equals sign, =, 
represent the same number 

Equation of direct variation An equation, described by 
y = kx with ka positive constant, used to represent 
direct variation 

Equation of inverse variation An equation, described 


byy = = with k a positive constant, used to represent 


inverse variation 

Equiangular triangle A triangle in which all angles are 
congruent 

Equilateral triangle A triangle in which all sides are 
the same length 

Equivalent equations Equations with the same 
solutions 


Equivalent expressions Expressions that have the same 
value for all allowable (or meaningful) replacements 

Equivalent fractions Two different fractions that 
represent the same number 

Equivalent inequalities Inequalities that have the same 
solution set 

Evaluate To substitute a value for each occurrence of a 
variable in an expression 

Evenroot A root with an even index 

Event A set of outcomes 

Exponent In expressions of the form a”, the number n 
is an exponent. 

Exponential notation A representation of a number 
using a base raised to a power 


F 


Factor Verb: to write an equivalent expression that is a 
product; Noun: a multiplier 

Factoring Writing an expression as a product 

Factorization A number expressed as a product of two 
or more numbers 

Factorization of a polynomial An expression that 
names the polynomial as a product 

Fahrenheit A temperature scale in which water freezes 
at 32° and water boils at 212° 

FOIL To multiply two binomials by multiplying the 
First terms, the Outside terms, the Inside terms, and 
then the Last terms 

Formula An equation that uses numbers or letters to 
represent a relationship between two or more quantities 

Fraction equation An equation containing one or more 
rational expressions; also called a rational equation 

Fraction expression A quotient, or ratio, of two 
polynomials; also called a rational expression 

Fraction notation A number written using a numerator 
and a denominator 

Function A correspondence between a first set, called 
the domain, and a second set, called the range, such 
that each member of the domain corresponds to 
exactly one member of the range 


G 


Geometric figure A set of points 

Grade The measure of a road’s steepness 

Grade point average (GPA) The average of the grade 
point values for each credit hour taken 

Graph _ A picture or diagram of the data in a table; a line, 
curve, or collection of points that represents all the 
solutions of an equation 

Greatest common factor (GCF) The common factor of 
a polynomial with the largest possible coefficient and 
the largest possible exponent(s) 


H 


Hypotenuse In aright triangle, the side opposite the 
right angle 


Identity property of 1 The statement that the product 
of a number and 1 is always the original number 

Identity property of 0 The statement that the sum ofa 
number and 0 is always the original number 

Imaginary number A number that can be named bi, 
where b is some real number and b # 0 

Index In the expression Wa, the number k is called the 
index. 

Inequality A mathematical sentence using <, >, =, =, 
or # 

Input A member of the domain of a function 

Integers The whole numbers and their opposites; 
ware 4-8; 2, 1,01, 2; By Ajices 

Intercept The point at which a graph intersects the 
X- OF y-axis 

Interest A percentage of an amount invested or 
borrowed 

Interestrate The percent at which interest is calculated 
on a principal 

Intersecting lines Lines that cross each other at a 
common point 

Intersection of sets A and B The set of all elements that 
are common to both A and B, denoted A()B 

Inverse variation A situation that translates to an 


kk, is 
equation of the form y = =, with k a positive constant 


Irrational number A real number that cannot be 
named as a ratio of two integers 

Isosceles triangle A triangle in which two or more sides 
are the same length 


L 


Leading coefficient The coefficient of the term of 
highest degree in a polynomial 

Leadingterm The term of highest degree ina 
polynomial 

Least common denominator (LCD) The least 
common multiple of the denominators of two or 
more fractions 

Least common multiple (LCM) The smallest number 
that is a multiple of two or more numbers 

Legs In aright triangle, the two sides that form the right 
angle 

Like radicals Radicals that have the same index and the 
same radicand 

Like terms Terms that have exactly the same variable 
factors 

Line ‘Two rays that have common points and continue 
in opposite directions 

Line ofsymmetry A line that can be drawn through a 
graph such that the part of the graph on one side of 
the line is an exact reflection of the part on the 
opposite side 

Line graph A graph in which quantities are represented 
as points connected by straight-line segments 
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Linear equation Any equation that can be written in 
the form Ax + By = C, where x and y are variables 

Linear function A function that can be described by an 
equation of the form y = mx + b, where x and y are 
variables 

Linear inequality An inequality whose related equation 
is a linear equation 


M 


Marked price The original price of an item 

Mean Acenter point ofa set of numbers found by 
dividing the sum of the numbers by the number of 
items of data; also called the average or the arithmetic 
mean 

Median Inaset of data listed in order from smallest to 
largest, the middle number if there is an odd number 
of data items, or the average of the two middle 
numbers if there is an even number of data items 

Metric system A measurement system used in most 
countries of the world, but very little in the United States 

x1 + x2 Yi t+ v2) 

2. * 2 : 
If the endpoints of a segment are (x1, y,) and (X2, y2), 
then this represents the coordinates of the midpoint. 

Minuend The number from which another number is 
being subtracted 

Mixed numeral A number represented by a whole 
number and a fraction less than 1 

Mode The number or numbers that occur most often in 
a set of data 

Monomial An expression of the type ax”, where ais a 
real-number constant and n is a nonnegative integer 

Multiple of anumber A product of the number and 
some natural number 

Multiplication property of0 The statement that the 
product of 0 and any real number is 0 

Multiplicative identity The number 1 

Multiplicative inverses Reciprocals; two numbers 
whose product is 1 


Midpoint formula The formula ( 


N 


Natural numbers The counting numbers: 1, 2, 3, 4, 5,... 

Negative integers Integers to the left of zero on the 
number line 

Nonnegative rational numbers The set of whole numbers 
and positive fractions; also called arithmetic numbers 

Numerator The number above the fraction bar ina 
fraction 


O 


Obtuse angle An angle whose measure is greater than 
90° and less than 180° 

Obtuse triangle A triangle in which one angle is an 
obtuse angle 

Oddroot A root with an odd index 


G-4 Glossary 


Opposite The opposite, or additive inverse, ofa 
number x is written —x. Opposites are the same 
distance from 0 on the number line but on different 
sides of 0. 

Opposite of a polynomial Two polynomials are 
opposites, or additive inverses, of each other if their 
sum is zero. 

Ordered pair A pair of numbers of the form (a, b) for 
which the order in which the numbers are listed is 
important 

Ordinate The second coordinate in an ordered pair of 
numbers 

Origin The point (0, 0) on a graph where the two axes 
intersect 

Original price The price of an item before a discount is 
deducted 

Outcome The result of an experiment 

Output A member of the range of a function 


P 


Palindrone prime A prime number that remains a 
prime number when its digits are reversed 

Parabola The graph of a quadratic equation 

Parallellines Lines in the same plane that never 
intersect; two lines are parallel if they have the same 
slope. 

Parallelogram A four-sided polygon with two pairs of 
parallel sides 

Percent notation A representation of a number as n 
parts per 100; n% 

Perfect square A rational number p for which there 
exists a number a for which a? = p 

Perfect-square trinomial A trinomial that is the square 
of a binomial 

Perimeter The distance around an object or the sum of 
the lengths of its sides 

Periods Groups of three digits, separated by commas 

Perpendicular lines Two lines that intersect to form a 
right angle; two lines are perpendicular if the product 
of their slopes is —1. 
Pi(z) The number that results when the circumference 
of a circle is divided by its diameter; 7 ~ 3.14, or 2B 
Pictograph A graphic means of displaying information 
using symbols to represent the amounts 

Piechart A graphic display of data using a divided 
circle to show the percent of a quantity in each of 
several categories; also called circle graph 

Point-slope equation The equation 
y — yy = M(x — x1), where xj, y;, and mare real 
numbers and mis the slope and (x, y;) is a point that 
lies on the graph of the equation 

Polygon A closed geometric figure with three or more 
line segments as sides 

Polynomial A monomial or a combination of sums 
and/or differences of monomials 


Polynomial equation An equation in which two 
polynomials are set equal to each other 

Positive integers Integers to the right of zero on the 
number line 

Prime factorization A factorization of a composite 
number as a product of prime numbers 

Prime number A natural number that has exactly two 
different factors: itself and 1 

Prime polynomial A polynomial that cannot be 
factored using only integer coefficients 

Principal An amount of money that is invested or 
borrowed 

Principal square root The nonnegative square root ofa 
number 

Principle of zero products The statement that an 
equation ab = 0 is true if and only if a = 0 is true or 
b = Ois true, or both are true 

Product The result when one number is multiplied by 
another 

Proportion An equation stating that two ratios are 
equal 

Proportional numbers Two pairs of numbers having 
the same ratio 

Protractor A device used to measure and draw angles 

Purchase price ‘The price of an item before sales tax is 
added 

Pythagorean equation The equation a? + b? = c?, 
where a and bare lengths of the legs of a right triangle 
and c is the length of the hypotenuse 

Pythagorean theorem In any right triangle, ifa@ and b 
are the lengths of the legs and c is the length of the 
hypotenuse, then a* + b? = c?. 


Q 


Quadrants The four regions into which the axes divide 
a plane 

Quadratic equation An equation of the form 
ax? + bx + c = 0, wherea # 0 

Quadratic formula The solutions of ax* + bx +c=0, 
a # 0, are given by the equation 

—b+V b2 — Aac 

2a ; 

Quadratic function A second-degree polynomial 
function in one variable 

Quadratic inequality An inequality whose related 
equation is a quadratic equation 

Quotient The result when one number is divided by 
another 


x= 


R 


Radical equation An equation that has variables in one 
or more radicands 

Radical expression An algebraic expression in which a 
radical symbol appears 

Radical symbol The symbol V ~ 

Radicand The expression under the radical 


Radius A line segment with one endpoint on the center 
of a circle and the other endpoint on the circle 

Range The set of all second coordinates of the ordered 
pairs in a function 

Rate A ratio used to compare two different kinds of 
measure 

Ratio The quotient of two quantities; the ratio of ato b 


a ji 
is BP also written a:b 


Rational equation An equation containing one or more 
rational expressions; also called a fraction equation 

Rational expression A quotient, or ratio, of two 
polynomials; also called a fraction expression 

Rational numbers Any number that can be written as 
the ratio of two integers > where b # 0 

Rationalizing the denominator A procedure for 
finding an equivalent expression without a radical in 
the denominator 

Ray Apart ofa line consisting of one endpoint and all 
the points on the line on one side of the endpoint 

Real numbers All rational and irrational numbers; the 
set of all numbers corresponding to points on the 
number line 

Reciprocal A multiplicative inverse; two numbers are 
reciprocals if their product is 1 

Rectangle A four-sided polygon with four 90° angles 

Relation A correspondence between a first set, called 
the domain, and a second set, called the range, such 
that each member of the domain corresponds to at 
least one member of the range 

Repeating decimal A decimal in which a number 
pattern repeats indefinitely 

Right angle An angle whose measure is 90° 

Right triangle A triangle in which one angle is a right 
angle 

Rise The change in the second coordinate between two 
points on a line 

Roster notation A way of naming sets by listing all the 
elements in the set 

Rounding Approximating the value of a number; used 
when estimating 

Run The change in the first coordinate between two 
points on a line 


Ss 


Sale price The price of an item after a discount has 
been deducted 

Sales tax A tax added to the purchase price of an item 

Sample space The set of all possible outcomes 

Scalene triangle A triangle in which all sides are of 
different lengths 

Scientific notation A number written in the form 
M X 10”, where 7 is an integer, 1 = M < 10, and 
Mis expressed in decimal notation 

Segment A geometric figure consisting of two points, 
called endpoints, and all points between them 
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Set Acollection of objects 

Set-builder notation The naming ofa set by describing 
basic characteristics of the elements in the set 

Similar figures Figures with the same shape, but not 
necessarily the same size 

Similar triangles Triangles in which corresponding 
angles have the same measure and the lengths of 
corresponding sides are proportional 

Simple interest A percentage of an amount P invested 
or borrowed for ¢ years, computed by calculating 
principal < interestrate x time in years 

Simplify To rewrite an expression in an equivalent, 
abbreviated form 

Slope The ratio of the rise to the run for any two points 
on aline 

Slope-intercept equation An equation of the form 
y = mx + b, where x and yare variables, the slope is 
m, and the y-intercept is (0, b) 

Solution of an equation A replacement for the variable 
that makes the equation true 

Solution of asystem of equations An ordered pair that 
makes both equations true 

Solution set The set of all solutions of an equation, an 
inequality, or a system of equations or inequalities 

Solve To find all solutions of an equation, an inequality, 
or a system of equations or inequalities; to find the 
solution(s) of a problem 

Sphere The set of all points in space that are a given 
distance (radius) from a given point (center) 

Square A four-sided polygon with four right angles and 
all sides of equal length 

Square ofanumber A number multiplied by itself 


Squareroot The number cis a square root of aif c? = a. 


Square-root symbol The symbol V — 

Standard form of a linear equation An equation 
written in the form Ax + By = C 

Standard form of a quadratic equation An equation 
written in the form ax* + bx + c = 0,a > 0, where 
a, b, and c are real-number constants 

Statistic A number that describes a set of data 

Straight angle An angle whose measure is 180° 

Subsets Sets that are parts of other sets 

Substitute To replace a variable with a number 

Substitution method An algebraic method for solving 
systems of equations 

Subtrahend In subtraction, the number being 
subtracted 

Sum _ The result in addition 

Sum ofcubes An expression that can be written in the 
form A® + B® 

Sum of squares An expression that can be written in 
the form A? + B2 

Supplementary angles Two angles for which the sum 
of their measures is 180° 

Surface area The sum of the areas of all of the faces ofa 
three-dimensional figure 

System of equations A set of two or more equations 
that are to be solved simultaneously 


G-6 Glossary 


T 


Table A method of presenting data in rows and 
columns 

Term Anumber, a variable, or a product or a quotient 
of numbers and/or variables 

Terminating decimal A decimal that can be written 
using a finite number of decimal places 

Total price The sum ofthe purchase price of an item 
and the sales tax on the item 

Transversal A line that intersects two or more coplanar 
lines in different points 

Trapezoid A polygon with four sides, two of which, the 
bases, are parallel to each other 

Triangle A three-sided polygon 

Trinomial A polynomial containing three terms 

Trinomial square The square of a binomial expressed 
as three terms 


U 


Union ofsetsAand B_ The set of all elements belonging 
to either A or B, denoted AUB 


Vv 


Value The numerical result after a number has been 
substituted into an expression 

Variable A letter that represents an unknown number 

Variation constant The constant in an equation of 
direct or inverse variation 

Vertex The common endpoint of two rays that form an 
angle; the point at which the graph of a quadratic 
equation crosses its axis of symmetry 

Vertical angles Two non-straight angles formed by two 
pairs of opposite rays 

Vertical-line test The statement that a graph represents 
a function if it is impossible to draw a vertical line that 
intersects the graph more than once 

Volume The number of cubic units needed to fill a 
three-dimensional figure 


Ww 


Whole numbers The natural numbers and 0: 
0,1, 2,3,4,5,... 


X 


x-intercept The point at which a graph crosses the 
X-axis 


Y 


y-intercept The point at which a graph crosses the 
y-axis 


A 
Abscissa, 656 
Absolute value, 500, 501 
equations with, 1211 
and radicals, 1050 
Absolute value principle, 1211 
ac-method, 849 
Acute angle, 393 
Acute triangle, 394, 449 
Addends, 11 
Addition 
addends, 11 
associative law of, 541, 561 
on acalculator, 12 
commutative law of, 540, 561 
of complex numbers, 1249 
with decimal notation, 188 
of exponents, 736, 739, 750 
using fraction notation, 122, 123 
using mixed numerals, 135 
on number line, 505 
of polynomials, 769, 799 
of radical expressions, 1071 
of rational expressions, 925 
of real numbers, 505, 506 
repeated, 20 
sum, 11 
of whole numbers, 11 
Addition principle 
for equations, 571, 648 
for inequalities, 630, 648 
Additive identity, 11, 538, 561 
Additive inverse, 507-509. See also 
Opposite. 
Algebraic equation, 486 
Algebraic expressions, 486, 487 
evaluating, 487, 735 
LCM, 922 
translating to, 488 
value of, 487 


Algebraic—graphical connection, 665, 
757, 758, 879, 944, 997, 1080, 


1102, 1105, 1121 


Alternate interior angles, 444 
American system of measures 

capacity, 1189 

changing units, 1169, 1182 

to metric, 1176 

length, 1168 

weight, 1182 
Angle-side—angle (ASA) property, 452 
Angles, 391 

acute, 393 

alternate interior, 444 

complementary, 439, 1029 

congruent, 441 

corresponding, 443 

interior, 444 

measuring, 392 

naming, 391 

obtuse, 393 

rays, 391 

right, 393 

sides, 391 

straight, 393 

supplementary, 440, 1028 

unit, 392 

vertex, 391 

vertical, 442 
Annual compounding of interest, 324 
Apparent temperature, 358 
Approximating solutions of quadratic 

equations, 1122 

Approximating square roots, 1047 
Area 

of a circle, 420, 469 

of a parallelogram, 408, 469 

of a rectangle, 23, 406, 469, 487 

of a right circular cylinder, 802 

of a square, 407, 469 

of a trapezoid, 410, 469 

of a triangle, 408, 469 

See also Surface area. 
Arithmetic mean, 345 
Arithmetic numbers, 178 
Ascending order, 761 


Associative laws, 541, 561 

At least, 640 

At most, 640 

Auto mode, 660 

Average, 71, 210, 345 
grade point (GPA), 347 

Axes of graphs, 656 


B 
Balancing a checkbook, 191 
Bar graph, 345, 363, 656 
Base 
in exponential notation, 67, 734 
of a parallelogram, 407 
of a trapezoid, 409 
Billions period, 2 
Binomials, 763 
difference of squares, 859 
as a divisor, 807 
product of, 780 
FOIL method, 786, 813 
squares of, 789, 813 
sum and difference of terms, 
788, 813 
Borrowing, 15 
Braces, 68, 71, 553 
Brackets, 68, 71, 553 
British-American system of measures, 
see American system of 
measures 


Cc 
Calculations, fraction and decimal 
notation together, 221 
Calculator. See also Graphing 
calculator. 
adding whole numbers, 12 
addition with decimal notation, 190 
compound interest, 326 
converting from fraction notation 
to percent notation, 279 
converting from percent notation to 
decimal notation, 274 


I-1 


Calculator (continued) 


dividing whole numbers, 28 
division with decimal notation, 205 
and divisibility, 78 
exponential notation, 68 
and factors, 78 
multiplication with decimal 
notation, 199 
multiplying whole numbers, 22 
order of operations, 70 
percents, using in computations, 290 
7 key, 419 
simplifying fraction notation, 112 
subtracting whole numbers, 15 
subtraction with decimal 
notation, 190 


Calculator Corner, 12, 15, 22, 28, 68, 


70, 78, 112, 190, 199, 205, 274, 
279, 280, 326, 419, 497, 498, 500, 
534, 556, 585, 660, 666, 675, 687, 
711, 717, 748, 758, 772, 782, 842, 
880, 946, 1010, 1047, 1057, 1081, 
1107, 1122, 1152. See also 
Calculator; Graphing calculator. 


Canceling, 112 
Capacity, 1189, 1190 
Celsius temperature, 1195, 1196 
Center point of data, 345 
Centigram, 1183 
Centimeter, 1171 
cubic, 1190 
Central tendency, measure of, 345 


Cents, converting from/to dollars, 200 


Change, rate of, 689. See also Slope. 
Changing the sign, 509 
Check in problem-solving process, 
50, 611 
Checkbook, balancing, 191 
Checking 
addition, 772 
division, 25, 27, 809 
factorizations, 831, 842 
multiplication, 782 
in problem solving, 50 
solutions 
of applied problems, 611 
of equations, 43, 572, 585, 845, 
846, 1018 
of inequalities, 630 
of systems of equations, 994 
subtraction, 15, 772 
Circle 
area, 420 
circumference, 418, 419 
diameter, 417 
radius, 417 
Circle graph, 374 
Circular cone, volume, 432, 469 
Circular cylinder, volume, 431, 469 
Circumference, 418, 419 
Clearing decimals, 584, 586 
Clearing fractions, 584, 585, 943 
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Closed under an operation, 1202 
Coefficients, 759 
leading, 831 
Collecting like terms, 546, 760, 798 
in equation solving, 583 
Combining like terms, see Collecting 
like terms 
Commission, 317 
Common denominators, 921. 
See also Least common 
denominator. 
Common factor, 822, 824, 825 
Commutative laws, 540, 561 
Comparing numbers in decimal 
notation, 183 
Comparing sets of data, 350 
Complementary angles, 439, 1029 
Completing the square, 1114 
Complex fraction expression, 968 


Complex-number system, 1048, 1248. 


See also Complex numbers. 
Complex numbers, 1248 
adding, 1249 
conjugate, 1251 
dividing, 1251 
i, 1248 
powers of, 1250 
imaginary number, 1248 
multiplying, 1249 
as solutions of equations, 1252 
substituting, 1249 
Complex rational expression, 968 
Composite number, 78 
Compound interest, 324-326 
Cone, circular, volume, 432, 469 
Congruent figures, 441 
angles, 441 
segments, 441 
triangles, 449 
properties, 451, 452 
Conjugate, 1073 
complex, 1251 
Consecutive integers, 614 
Constant 
of proportionality, 974, 977 
variation, 974, 977 
Converting 
American measures to metric 
measures, 1176 
capacity units, 1189, 1190 
cents to dollars, 200 
decimal notation to fraction 
notation, 181 
decimal notation to percent 
notation, 275 
decimal notation to scientific 
notation, 747 
decimal notation to a word 
name, 179 
dollars to cents, 200 
fraction notation to decimal 
notation, 181, 217 


fraction notation to a mixed 
numeral, 134 

fraction notation to percent 
notation, 279 

length units, 1169, 1173, 1174, 1176 

mass units, 1184, 1185 

metric measures to American 
measures, 1176 

mixed numerals to decimal 
notation, 182 

mixed numerals to fraction 
notation, 134 

percent notation to decimal 
notation, 274 

percent notation to fraction 
notation, 281 

ratios to decimal notation, 219 

scientific notation to decimal 
notation, 747 

standard notation to expanded 
notation, 3 

standard notation to word 
names, 4,5 

temperature units, 1196 

time units, 1194 

weight units, 1182 

word names to standard 
notation, 4, 5 


Coordinates, 656 


finding, 657 


Coplanar lines, 391 
Correspondence, 1149, 1150 
Corresponding angles, 443 
Credit cards, 326 

Cross products, 260, 956 
Cube, unit, 428 

Cube, surface area, 597 
Cube root, 1220 

Cubes, factoring sums 


or differences, 1203 


Cubic centimeter, 1190 
Cup, 1189 


Cylinder, circular, 430 
surface area, 802 


volume, 431, 469 


D 


Daily percentage rate (DPR), 327 
Data, comparing, 350 

Day, 1194 

Decagon, 395 

Decigram, 1183 

Decimal, 178 


Decimal notation, 178 

addition with, 188 

and balancing a checkbook, 191 

comparing numbers in, 183 
converting 
from/to fraction notation, 181, 217 
from mixed numerals, 182 
from/to percent notation, 

273-275 


ratios to, 219 
to/from scientific notation, 747 
to a word name, 179 
division with, 204-208 
and estimating, 226 
and fraction notation together, 221 
for irrational numbers, 498 
multiplication with, 196-198 
and naming large numbers, 199 
and order, 183 
order of operations, 209 
and percent notation, 273-275 
place value, 178 
for rational numbers, 496, 498 
repeating, 218, 497 
rounding, 219 
rounding, 184, 219 
subtraction with, 189 
terminating, 218, 497 
word names, 179 
Decimal point, 178 
Decimals, clearing, 584, 586 
Decimeter, 1171 
Decrease, percent of, 304 
Degree measure, 392 
Degrees of terms and polynomials, 
761, 762, 798 
Dekagram, 1183 
Dekameter, 1171 
Denominator, 104 
least common, 123, 921 
rationalizing, 1063 
of zero, 107 
Descending order, 761 
Diagonals of a parallelogram, 454 
Diagonals of a polygon, 1106 
Diameter, 417 
Difference, 14, 513. See also 
Subtraction. 
estimating, 32, 226 
Differences of cubes, factoring, 1023 
Differences of squares, 859 
factoring, 860, 897 
Digits, 2 
Direct variation, 974 
Discount, 318 
Discriminant, 1144, 1160 
Distance between two points, 1214 
Distance to the horizon, 1082 
Distance traveled, 594. See also 
Motion formula; Motion 
problems. 
Distributive laws, 21, 542, 543, 561 
Dividend, 24, 808 
of 0, 26, 530 
Divisibility, 77 
by 2, 83 
by 3, 84 
by 4, 86 
by 5, 85 
by 6, 84 
by 7, 86 


y 8, 86 
by 9, 85 
by 10, 85 
Division 
by 0.1, 0.01, 0.001, and so on, 208 
by 10, 100, 1000, and so on, 207 
checking, 25, 27, 807 
of complex numbers, 1251 
with decimal notation, 204-206 
definition, 25 
dividend, 24 
of zero, 26, 530 
divisor, 24, 808 
estimating quotients, 33 
using exponents, 737, 739, 750 
with fraction notation, 118 
of integers, 529 
with mixed numerals, 138 
of anumber by itself, 25 
by one, 25 
of polynomials, 806-809 
by a power of ten, 207 
quotient, 24 
of radical expressions, 1062, 1093 
of rational expressions, 916 
of real numbers, 529-532 
and reciprocals, 532, 916 
and rectangular arrays, 24 
with remainders, 26, 27 
as repeated subtraction, 24 
using scientific notation, 748 
of whole numbers, 25, 28 
by zero, 26, 530 
of zero by a nonzero number, 26 
Divisor, 24, 808 
Dodecagon, 395 
Dollars, converting from/to cents, 200 
Domain, 1149, 1150 


E 
Eight, divisibility by, 86 
Element of a set, 1199 
Elimination method, solving systems 
of equations, 1008 
Empty set, 996, 1200 
Endpoints, 390, 1227 
Equality of fractions, test for, 260 
Equally likely outcomes, 1244 
Equations, 6, 42, 486, 570. See also 
Formulas. 
with absolute value, 1211 
algebraic, 486 
of direct variation, 974 
equivalent, 571 
false, 6, 570 
fraction, 943 
graphs of, 656, 995. See also 
Graphing. 
infinitely many solutions, 587, 997 
of inverse variation, 977 
linear, 660. See also Graphing, linear 
equations. 


no solutions, 588, 997 
containing parentheses, 586 
point-slope, 1207 
polynomial, 757 
Pythagorean, 1087, 1093 
quadratic, 875, 1103 
radical, 1103 
rational, 943 
related, 715 
reversing, 573 
slope-intercept, 695, 721 
solutions, 42, 570, 658, 660 
solving, see Solving equations 
systems of, 994 
translating to, 50, 287, 603, 611 
true, 6, 570 
of variation, 974, 977 
Equiangular triangle, 449 
Equilateral triangle, 394, 449 
Equivalent equations, 571 
Equivalent expressions, 538, 907 
Equivalent inequalities, 629 
Estimating. See also Rounding. 
with decimal notation, 226 
differences, 32 
with fraction notation, 163 
with mixed numerals, 163 
products, 33 
quotients, 33 
sums, 32 
Evaluating algebraic expressions, 487 
exponential, 735 
polynomials, 756, 758, 797 
Evaluating formulas, 593 
Even integers, consecutive, 614 
Even roots, 1221, 1222 
Event, 1244 
Expanded notation, 3 
Experimental probability, 1242 
Exponent, 67. See also Exponential 
notation; Exponents. 
Exponential notation, 67, 734. See also 
Exponents. 
ona calculator, 68 
evaluating, 68 
Exponents, 734 
dividing using, 737, 739, 750 
evaluating expressions with, 735 
laws of, 739, 750, 1224 
multiplying, 744, 750 
multiplying using, 736, 739, 750 
negative, 738 
one as, 735 
raising a power to a power, 
744, 750 
raising a product to a power, 
745, 750 
raising a quotient to a power, 
746, 750 
rational, 1222-1224 
rules for, 739, 750, 1224 
zero as, 735 
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Expressions 
algebraic, 486, 487 
equivalent, 538, 907 
factoring, 544. See also Factoring. 
fraction, see Rational expressions 
radical, 1048 
rational, see Rational expressions 
simplifying, 68 
terms of, 543 
value of, 487 


F 
Factor, 822, 823 
greatest common, 822, 824 
See also Factoring; Factorization; 
Factors. 
Factoring. See also Factorization. 
expressions, 544. See also Factoring, 
polynomials. 
checking, 831, 842 
common factor, 825 
completely, 835, 862 
polynomials 
ac-method, 849 
with a common factor, 825 
differences of cubes, 1203 
differences of squares, 860, 897 
general strategy, 867 
by grouping, 827 
grouping method, 849 
sums of cubes, 1203 
tips for, 827, 844, 862 
trinomial squares, 858, 897 
trinomials, 831-836, 841-845 
radical expressions, 1054 
solving equations by, 877, 
1104, 1105 
Factorization, 76, 822, 823. See also 
Factoring. 
prime, 79 
and LCMs, 91 
Factorization method, 91 
Factors, 20, 76, 77, 822. See also Factor; 
Factoring. 
and sums, 796 
Fahrenheit temperature, 1195, 1196 
Falling object, distance 
traveled, 1115 
False equation, 6, 570 
False inequality, 6, 628 
Familiarize in problem-solving 
process, 50, 611 
Feet, 1168 
Figure, geometric, 390 
Fire hose, water flow, 1051 
First coordinate, 656 
Five, divisibility by, 86 
Five-step process for problem solving, 
50, 611, 886 
Fluid ounce, 1189 
FOIL method, 786, 813 
and factoring, 841 
Foot, 1168 
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Formulas, 593. See also Equations; 
Problems. 
distance between two points, 1214 
evaluating, 593 
midpoint, 1215 
motion, 954, 1031, 1038 
quadratic, 1119, 1160 
solving, 594-596, 1127 

Four, divisibility by, 86 

Fraction bar, 487 

Fraction equations, 943 

Fraction expression, complex, 968 

Fraction expressions, 906. See also 
Fraction notation; Rational 
expressions. 

Fraction notation, 104. See also 
Fraction expressions; Rational 
expressions. 

adding, 122, 123 
converting 
from/to decimal notation, 181, 217 
from/to mixed numerals, 134 
from/to percent notation, 279-282 
and decimal notation together, 221 
denominator, 104 
of zero, 107 
dividing, 118 
estimation with, 163 
multiplying, 109, 116 
by one, 538, 561 
numerator, 104 
for one, 107 
order, 126 
and sign changes, 533 
simplest, 110 
simplifying, 110 
subtracting, 125 
for whole numbers, 107 
for zero, 107 

Fractions, 104. See also Fraction 
expressions; Fraction notation; 
Rational expressions. 

clearing, 584, 585, 943 

equivalent, 110 

multiplicative identity, 109 

reciprocals, 117 

test for equality, 260 
Fractions, clearing, 584, 585, 943 
Function, 1149, 1150 

domain, 1149, 1150 

graph of, 1152 

input, 1151 

linear, 1150 

notation, 1151 

output, 1151 

quadratic, 1150 

range, 1149, 1150 

values, 1151 

vertical-line test, 1153, 1154 


G 
Gallon, 1189 
Games in a league, 892 


GCE, see Greatest common factor 
Geometric figure, 390 
Geometry and polynomials, 771 
Golden rectangle, 1140 
GPA, 347 
Grade, 688 
Grade point average, 347 
Gram, 1182, 1183 
Graph. See also Graphing. 
bar, 345, 363, 656 
circle, 374 
of an equation, 660. See also 
Graphing. 
line, 345, 366 
nonlinear, 666 
picture, 345, 356 
Graphing 
functions, 1152 
inequalities, 628 
in one variable, 629, 1227 
in two variables, 714 
linear equations, 660 
of direct variation, 974, 975 
on a graphing calculator, 666 
horizontal line, 675, 676 
using intercepts, 673 
of inverse variation, 974, 975 
procedure, 677 
slope, 684, 721 
using slope and y-intercept, 703 
vertical line, 676 
x-intercept, 673 
y-intercept, 662, 673 
numbers, 496 
points on a plane, 656 
quadratic equations, 1141-1144 
quadratic inequalities, 1233 
systems of equations, 995 
systems of linear inequalities, 1237 
Graphing calculator. See also Calculator. 
and absolute value, 500 
approximating solutions of 
quadratic equations, 1122 
approximating square roots on, 497 
auto mode, 660 
and checking addition and 
subtraction, 772 
and checking factorizations, 842 
and checking multiplication, 782 
and checking solutions of 
equations, 585, 946 
converting fraction notation to 
decimal notation, 498 
entering equations, 660, 666 
and evaluating polynomials, 758 
and finding function values, 1152 
graphing equations, 666 
graphing inequalities, 717 
and grouping symbols, 556 
and intercepts, 675 
intersect feature, 998 
and negative numbers, 498 
and operations on real numbers, 534 


order of operations, 556 
and parallel lines, 711 
and perpendicular lines, 711 
pi key, 497 
and scientific notation, 748 
and simplifying radical 
expressions, 1057 
slope, visualizing, 687 
and solutions of equations, 660 
and solving quadratic equations, 
880, 1107 
and solving radical equations, 1081 
and solving systems of equations, 990 
and square roots, 497, 1047 
table, 660 
value feature, 1152 
viewing window, 675 
zero feature, 880 
Greater than (>), 6, 498, 499 
Greater than or equal to (=), 500 
Greatest common factor (GCF), 822, 824 
Grouping 
in addition, 541, 561 
factoring by, 827 
in multiplication, 540, 561 
symbols, 553 
Grouping method for factoring, 827 


H 

Half-plane, 715 

Handshakes, number possible, 892 

Hang time, 1052 

Hectogram, 1183 

Hectometer, 1171 

Height of a parallelogram, 407 

Height of a projectile, 1148 

Heptagon, 395 

Hexagon, 395 

Higher roots, 1218-1224 

Horizon, sighting to, 1082 

Horizontal lines, 675, 676 
slope, 687 

Hour, 1194 

Hundred-thousandths, 178 

Hundredths, 178 

Hypotenuse, 1087 


I 
i, 1248 
powers of, 1250 
Identity 
additive, 11, 538, 561 
multiplicative, 21, 109, 538, 561 
Identity property 
of 1, 538, 561 
of 0, 506, 538, 561 
Imaginary number, 1248 
Inch, 1168 
Increase, percent of, 304, 306 
Index, 1221 
Inequalities, 6, 498, 628 
addition principle for, 630, 648 
equivalent, 629 


false, 628 
graphs of, 628, 1227 
in one variable, 628 
in two variables, 714 
linear, 715 
systems of, 1237 
multiplication principle for, 632, 648 
nonlinear, 1231 
polynomial, 1231 
quadratic, 1231 
graphing, 1233 
related equation, 715 
solution set, 627 
solutions of, 628, 714 
solving, see Solving inequalities 
translating to, 640 
true, 628 
Inequality symbols, 6 
Infinitely many solutions, 587, 997 
Input, 1151 
Integers, 493 
consecutive, 614 
division of, 529 
negative, 494 
positive, 494 
Intelligence quotient, 1127 
Intercepts, 662, 673. See also x-intercept; 
y-intercept. 
Interest 
compound, 324-326 
rate, 323 
simple, 323 
Interior angles, 444 
Intersect feature on a graphing 
calculator, 998 
Intersecting lines, 391 
Intersection of sets, 1200 
Interval notation, 1227 
Inverse properties, 561 
Inverse variation, 977 
Inverses 
additive, 507-509. See also Opposite. 
multiplicative, 530. See also 
Reciprocals. 
Irrational numbers, 497 
Isosceles triangle, 394, 449 


K 

Key for a pictograph, 356 
Kilogram, 1183 
Kilometer, 1171 


L 
Laws of exponents, 739, 750, 1224 
LCD, see Least common denominator 
LCM, see Least common multiple 
Leading coefficient, 831 
Least common denominator, 89, 
123, 921 
Least common multiple (LCM), 
89-92, 921 
of an algebraic expression, 922 
and clearing fractions, 585 


Legs of a right triangle, 1087 
Less than (<), 6, 498, 499 
Less than or equal to (S), 500 
Liebniz, Gottfried Wilhelm von, 20 
Like radicals, 1071 
Like terms, 546, 759, 798 
Line, 390. See also Lines. 
horizontal, 675, 676 
slope, 684, 721 
slope-intercept equation, 
695, 721 
vertical, 676 
Line graph, 345, 366 
Line of symmetry, 1141 
Linear equations, 660 
applications, 664 
graphing, 660, 673 
Linear function, 1150 
Linear inequalities, 715 
systems of, 1237 
Linear measure, see American system 
of measures; Metric system of 
measures 
Lines 
coplanar, 391 
intersecting, 391 
parallel, 391, 709, 721 
perpendicular, 394, 710, 721 
List of multiples, 89 
Liter, 1189, 1190 


M 
Marked price, 318 
Mass, 1182, 1183. See also 
Weight. 
Mean, 345 
Measure of central tendency, 345 
Measures, see American system of 
measures; Metric system of 
measures 
Measuring angles, 392 
Median, 348, 349 
Medical applications, 1185, 1191 
Membership, set, 1199 
Meter, 1171 
Metric system of measures, 1171 
capacity, 1189, 1190 
changing units, 1173, 1174, 1184, 
1190, 1191 
to American system, 1176 
length, 1171 
mass, 1182, 1183 
Metric ton, 1183 
Microgram, 1185 
Midpoint formula, 1215 
Mile, 1168 
Milligram, 1183 
Milliliter, 1190 
Millimeter, 1171 
Millions period, 2 
Minuend, 14 
Minute, 1194 
Missing terms, 762 
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Mixed numerals, 133 
and addition, 135 
converting from/to fraction 
notation, 134 
converting to decimal notation, 182 
and division, 138 
estimation with, 163 
and multiplication, 137 
order of operations, 161 
and subtraction, 136 
Mixture problems, 1018-1024 
Mode, 349 
Money conversion, 200 
Monomials, 756, 673 
as divisor, 806 
and multiplying, 779 
Motion formulas, 954, 1031, 1038 
Motion problems, 954, 1031-1034, 1134 
Multiples, 77 
and divisibility, 77 
least common, 89-92, 923 
list of, 89 
Multiples method, 90 
Multiplication. See also Multiplying. 
associative law of, 541, 561 
on a calculator, 23 
commutative law of, 540, 561 
of complex numbers, 1249 
with decimal notation, 196-198 
using exponents, 736, 739, 744, 750 
factors, 20 
using fraction notation, 109, 116 
by a hundredth, 198 
using mixed numerals, 137 
by one, 109, 123, 217, 258, 538, 
561, 907, 1169, 1174, 1182, 
1189, 1194 
of polynomials, 779-782, 786-791, 
800 
by a power of ten, 198 
product, 20 
of radical expressions, 1054, 1072, 
1093 
of rational expressions, 907, 911 
of real numbers, 522, 523 
as a rectangular array, 20 
as repeated addition, 20 
using scientific notation, 748 
by a tenth, 198 
by a thousandth, 198 
of whole numbers, 20, 22 
by zero, 523 
Multiplication principle 
for equations, 576, 648 
for inequalities, 632, 648 
Multiplication property of zero, 523 
Multiplicative identity, 21, 109, 538, 561 
Multiplicative inverse, 530, 561. See 
also Reciprocals. 
Multiplying. See also Multiplication. 
using the distributive law, 542, 
543, 561 
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exponents, 744, 750 
by 1, 538, 561 
by -1, 551, 561 


N 
Naming angles, 391 
Naming large numbers, 199 
Natural numbers, 3, 76, 493 
Negative exponents, 738 
Negative integers, 494 
Negative numbers 
on a calculator, 498 
square roots of, 1048 
Negative rational exponents, 1223 
Negative square root, 1046 
Nine, divisibility by, 85 
No solutions, equations with, 588, 997 
Nonagon, 395 
Nonlinear graphs, 666 
Nonlinear inequalities, 1231 
Nonnegative rational numbers, 178 
Notation 
decimal, 178 
expanded, 3 
exponential, 67, 734 
fraction, 104 
function, 1151 
percent, 272, 273 
for rational numbers, 496 
scientific, 746, 747 
set, 493, 631, 1199, 1227 
standard, 3 
Number line, 496 
addition on, 505 
and graphing rational 
numbers, 496 
order on, 498 


Numbers 


arithmetic, 178 

complex, 1048, 1248 

composite, 78 

digits, 2 

expanded notation, 3 

graphing, 496 

imaginary, 1248 

integers, 493 

irrational, 497 

natural, 3, 76, 493 

negative, 494 

nonnegative rational, 178 

opposite, 494, 507-509 

order of, 498 

periods, 2 

place value, 2, 178 

positive, 494 

prime, 78 

ratio, 256 

rational, 495 
nonnegative, 178 

real, 498 

signs of, 509 

standard notation, 3 


whole, 3, 493 
word names, 4, 179 
Numerals, mixed, 170. See also Mixed 
numerals. 
Numerator, 104 


fe) 
Obtuse angle, 393, 449 
Obtuse triangle, 394 
Octagon, 395 
Odd integers, consecutive, 614 
Odd roots, 1221, 1222 
One 
division by, 25 
as an exponent, 735 
fraction notation for, 107 
identity property of, 538, 561 
multiplying by, 109, 123, 217, 258, 
538, 561, 907, 1169, 1174, 1182, 
1189, 1194 
removing a factor of, 908 
Ones period, 2 
Operations, order of, 68, 70, 161, 
209, 554 
Opposites 
and changing the sign, 509 
and multiplying by —1, 551, 561 
of numbers, 494, 507-509 
of an opposite, 508 
of a polynomial, 770 
in rational expressions, 910 
in subtraction, 513, 770 
of asum, 551 
sum of, 507, 509 
Order 
ascending, 761 
in decimal notation, 183 
descending, 761 
in fraction notation, 126 
on number line, 498, 499 
of operations, 68, 70, 161, 209, 554 
of whole numbers, 6 
Ordered pairs, 656 
Ordinate, 656 
Origin, 656 
Original price, 318 
Ounce, 1182 
fluid, 1189 
Outcomes, 1244 
Output, 1151 


Pp 
Pairs, ordered, 656 
Parabolas, 1141-1144 
Paragraph presentation of 
data, 344 
Parallel lines, 391, 709, 721 
properties, 445 
Parallelogram, 407 
area of, 408, 469 
diagonal, 454 
properties, 455 


Parentheses 
in equations, 586 
in multiplication, 20 
within parentheses, 71, 553 
removing, 551, 552 
Parking-lot arrival spaces, 1051 
Pendulum, period of, 1068 
Pentagon, 395 
Percent, applications of, 603 
Percent notation, 272, 273 
converting to/from decimal 
notation, 273-275 
converting to/from fraction 
notation, 279-282 
solving problems involving, 
288-290, 295, 296 
Percent of decrease, 304 
Percent of increase, 304, 306 
Perfect-square radicand, 1049 
Perfect-square trinomial, 1051 
factoring, 858, 897 
Perimeter, 13, 401 
of a polygon, 401 
of a rectangle, 402, 469 
of a square, 402, 469 
Period of a pendulum, 1068 
Periods, 2 
Perpendicular lines, 394, 710, 721 
Pi (77), 418, 497 
Pictographs, 344, 356 
Picture graphs, 344, 356 
Pie chart, 374 
Pint, 1189 
Place-value chart, 2, 178 
Plotting points, 656 
Point-slope equation, 1207 
Points, coordinates of, 656 
Polygon, 394, 401 
number of diagonals, 1106 
perimeter, 401 
sum of angle measures, 396 
Polynomial equation, 757 
Polynomial inequalities, 1231 
Polynomials, 756 
addition of, 769, 799 
additive inverse of, 770 
in ascending order, 761 
binomials, 763 
coefficients in, 759, 831 
collecting like terms (or combining 
similar terms), 760, 798 
degree of, 762, 798 
degree of a term, 761, 798 
in descending order, 761 
division of, 806-809 
evaluating, 756, 758, 797 
factoring, see Factoring, 
polynomials 
and geometry, 771 
leading coefficient, 831 
like terms in, 759, 798 
missing terms in, 762 


monomials, 756, 763 
multiplication of, 779-782, 
786-791, 800 
opposite of, 770 
perfect-square trinomial, 857 
prime, 835 
quadratic, 1141 
in several variables, 797 
subtraction of, 770, 799 
terms of, 759 
trinomial squares, 857 
trinomials, 763 
value of, 756 
Positive integers, 494 
Positive square root, 1046 
Pound, 1182 
Power rule, 774, 750 
Powers, square roots of, 1056 
Powers of i, 1250 
Price 
marked, 318 
original, 318 
purchase, 315 
sale, 318 
total, 315 
Prime factorization, 79 
and LCM, 90-92 
Prime number, 78 
Prime polynomial, 835 
Principal, 323 
Principal square root, 1046, 1049, 
1218, 1219 
Principle P, 1242, 1244 
Principle of square roots, 1110, 1160 
Principle of squaring, 1080, 1093 
Principle of zero products, 875, 
876, 897 
Probability 
event, 1244 
experimental, 1242 
outcomes, 1244 
Principle P, 1242, 1244 
sample space, 1244 
theoretical, 1242, 1244 
Problem solving, five-step process, 50, 
611, 886 
Procedure for solving equations, 587 
Product, raising to a power, 745, 750 
Product rule 
for exponential notation, 736, 
739, 750 
for radicals, 1054, 1093, 1249 
Products, 20. See also Multiplication; 
Multiplying. 
estimating, 33, 227 
of radical expressions, 1054, 
1093, 1249 
raising to a power, 745, 750 
of sums and differences, 788, 813 
of two binomials, 780, 786, 813 
Projectile height, 1148 
Properties of reciprocals, 531 


Properties of square roots, 1218 
Property of -1, 551, 561 
Proportion, 956. See also Proportions. 
Proportional, 260, 956 
Proportionality, constant of, 974, 977 
Proportions, 260 

and similar triangles, 463 

solving, 261 

used in solving percent problems, 

293-296 

Protractor, 392 
Purchase price, 315 
Pythagoras, 1087 
Pythagorean equation, 1087, 1093 
Pythagorean theorem, 888, 897, 1087 


Q 
Quadrants, 657 
Quadratic equation, 875, 1103 
approximating solutions, 1122 
discriminant, 1144, 1160 
graphs of, 1141-1144 
with nonreal solutions, 1252 
solving, 1120 
by completing the square, 1112 
by factoring, 877, 1104, 1105 
ona graphing calculator, 890, 1107 
using the principle of square 
roots, 1110, 1252 
using the quadratic formula, 
1119, 1253 
standard form, 1103, 1160 
x-intercepts, 1144 
Quadratic formula, 1119, 1160 
Quadratic function, 1150 
Quadratic inequality, 1231 
Quadratic polynomial, 1141 
Quadrilateral, 395 
Quality points, 347 
Quart, 1189 
Quotient, 24 
estimating, 33, 227 
of integers, 529 
of polynomials, 806-809 
raising to a power, 746, 750 
involving square roots, 1062, 1093 
zeros in, 29 
Quotient rule 
for exponential notation, 737, 
739, 750 
for radicals, 1062, 1093 


R 
Radical equations, 1079 
Radical expressions, 1048, 1219. 
See also Square roots. 
adding, 1071 
conjugates, 1073 
dividing, 1062, 1093 
in equations, 1079 
factoring, 1054 
index, 1221 
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meaningful, 1048 
multiplying, 1054, 1072, 1093, 1249 
perfect-square radicands, 1049 
product rule, 1054, 1093, 1249 
quotient rule, 1062, 1093 
involving quotients, 1062, 1093 
radicand, 1048 
rationalizing denominators, 
1063, 1073 
simplifying, 1056 
subtracting, 1071 
Radical symbol, 1046, 1219 
Radicals 
and absolute value, 1050 
like, 1071 
Radicand, 1048, 1219 
negative, 1048 
perfect square, 1049 
Radius, 417 
Raising a power to a power, 744, 750 
Raising a product to a power, 745, 750 
Raising a quotient to a power, 746, 750 
Range, 1149, 1150 
Rate, 259, 956 
of change, 689. See also Slope. 
commission, 317 
of discount, 318 
interest, 323 
sales tax, 315 
Ratio, 256, 956. See also Proportion. 
converting to decimal notation, 219 
notation, 256 
as arate, 259 
simplifying, 258 
Rational equations, 943 
Rational exponents, 1222-1224 
Rational expressions, 906. See also 
Fraction expressions; Rational 
numbers. 
addition, 925 
complex, 968 
division, 916 
multiplying, 907, 911 
opposites in, 910 
reciprocals, 916 
simplifying, 908, 911, 968-971 
subtraction, 933 
undefined, 906 
Rational numbers, 495. See also 
Fraction expressions; Rational 
expressions. 
decimal notation, 496, 498 
nonnegative, 178 
Rationalizing denominators, 
1063, 1073 
Rays, 390, 391 
Real numbers, 498 
addition, 505, 506 
division, 529-532 
multiplication, 522, 523 
order, 498, 499 
subsets of, 498 
subtraction, 513, 514 
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Real-number system, 498. See also 
Real numbers. 
Reciprocals, 117, 530, 531, 561, 916 
and division, 117, 532, 916 
of a fraction, 117 
properties, 531 
of rational expressions, 916 
sign of, 531 
of zero, 117 
Rectangle, 406 
area, 23, 406, 469, 487 
golden, 1140 
perimeter, 402, 469 
Rectangular array 
in division, 24 
in multiplication, 20 
Rectangular solid 
surface area, 429, 469 
volume, 428, 469 
Related equation, 715 
Relation, 1150 
Remainder, 26, 27, 808 
Removing a factor of one, 539, 908 
Removing parentheses, 551, 552 
Repeated addition, 20 
Repeated subtraction, 24 
Repeating decimal notation, 218, 497 
Reversing equations, 578 
Right angle, 393 
Right circular cylinder, surface 
area, 802 
Right triangle, 394, 449, 1087 
Rise, 684 
Roots 
cube, 1220 
even, 1221, 1222 
higher, 1218-1224 
odd, 1221, 1222 
product rule, 1054, 1093, 1249 
quotient rule, 1062, 1093 
square, see Radical expressions; 
Square roots 
Roster notation, 493, 1199 
Rounding 
decimal notation, 184, 219 
of whole numbers, 30 
Run, 684 
Run differential, 519 


Ss 

Salary, 317 

Sale price, 318 

Sales tax, 315 

Sample space, 1244 

Scalene triangle, 394, 449 

Scientific notation, 746, 747 
on a calculator, 748 
converting from/to decimal 

notation, 747 

dividing using, 748 
multiplying using, 748 

Second, 1194 

Second coordinate, 656 


Segment, 390 
unit, 1168 
Segments, congruent, 441 
Set, 493 
closed under an operation, 1202 
element of, 1199 
empty, 996, 1200 
intersection, 1200 
membership, 1199 
notation, 493, 631, 1199 
roster notation, 493, 1199 
set-builder notation, 631, 1199 
solution, 628 
subset, 493, 1199 
union, 1200 
Set-builder notation, 640, 1199, 1227 
Several variables, polynomial in, 797 
Side—angle-side (SAS) property, 451 
Side-side-side (SSS) property, 451 
Sides of an angle, 391 
Sighting to the horizon, 1002 
Sign changes in fraction notation, 533 
Sign of a reciprocal, 531 
Signs of numbers, 509 
Similar figures, 461 
triangles, 462, 950, 951 
Simple interest, 323 
Simplest fraction notation, 110 
Simplifying 
calculations, 68 
complex rational (or fraction) 
expressions, 968-971 
fraction expressions, 539, 551-554 
fraction notation, 110 
radical expressions, 1056 
ratio notation, 258 
rational expressions, 890, 893 
removing parentheses, 551, 552 
Six, divisibility by, 84 
Skidding car, speed, 1047 
Slant, see Slope 
Slope, 684, 721 
applications, 688 
from equations, 686 
of horizontal line, 687 
of parallel lines, 709, 721 
of perpendicular lines, 710, 721 
as rate of change, 689 
slope-intercept equation, 695, 721 
of vertical line, 687 
Slope-intercept equation, 695, 721 
Solution set, 628 
Solutions 
of equations, 42, 570, 658, 660 
of inequalities, 628, 714 
of systems of equations, 994 
Solve in problem-solving process, 
50, 611 
Solving equations, 42-45, 587. See also 
Solving formulas. 
with absolute value, 1211 
using the addition principle, 571 
clearing decimals, 584, 586 


clearing fractions, 584, 585, 943 
collecting like terms, 583 
containing parentheses, 586 
by dividing on both sides, 44, 
119, 208 
by factoring, 877, 1104, 1105 
fraction, 943 
on a graphing calculator, 880, 
1081, 1107 
using the multiplication 
principle, 576 
with parentheses, 586 
using principle of zero products, 
875, 876 
procedure, 487 
quadratic, 875 
by completing the square, 1112 
by factoring, 877, 1104, 1105 
on a graphing calculator, 880, 1107 
using the principle of square 
roots, 1110 
using the quadratic formula, 1119 
with radicals, 1079 
rational, 943 
by subtracting on both sides, 
43, 127, 191 
systems of 
by elimination method, 1008 
by graphing, 995, 998 
by substitution method, 1001 
by trial, 42 
Solving formulas, 594-596, 1127 
Solving inequalities, 628, 1229 
using addition principle, 630 
using multiplication principle, 632 
nonlinear, 1231 
solution set, 628 
Solving percent problems, 288-290, 
295, 296 
Solving proportions, 261 
Special products of polynomials 
squaring binomials, 789, 813 
sum and difference of two 
expressions, 788, 813 
two binomials (FOIL), 786, 813 
Speed, 956 
of a skidding car, 1047 
Sphere, volume, 431, 469 
Square, 402 
area, 407, 469 
perimeter, 402, 469 
Square of a binomial, 789, 813 
Square roots, 1046, 1218. See also 
Radical expressions. 
and absolute value, 1050 
approximating, 1047 
negative, 1046 
of negative numbers, 1048 
positive, 1046, 1049 
of powers, 1056 
principal, 1046, 1049, 1218, 1219 
principle of, 1110, 1160 
products, 1054, 1093 


properties, 1218 
quotients involving, 1062, 1093 
simplifying, 1054-1056 
of asum, 1057 
symbol, 1046 
Squares 
differences of, 859 
sum of, 862 
Squaring, principle of, 1079, 1093 
Standard form of a quadratic 
equation, 1103 
Standard notation for numbers, 3 
State the answer in problem-solving 
process, 50, 611 
Statistic, 345 
Straight angle, 393 
Subset, 493, 1199 
Substituting, 487. See also Evaluating 
algebraic expressions. 
Substitution method, solving systems 
of equations, 1001 
Subtraction, 513 
by adding an opposite, 513, 770 
and borrowing, 15 
ona calculator, 15 
checking, 15 
of complex numbers, 1249 
with decimal notation, 189 
definition, 14 
difference, 14 
of exponents, 737, 739, 750 
using fraction notation, 125 
minuend, 14 
using mixed numerals, 136 
of polynomials, 770, 799 
of radical expressions, 1071 
of rational expressions, 933 
of real numbers, 513, 514 
repeated, 24 
subtrahend, 14 
of whole numbers, 14 
Subtrahend, 14 
Subunits, 1168 
Sum, 11 
of angle measures in a polygon, 396 
of angle measures in a triangle, 395 
of cubes, factoring, 1203 
estimating, 32, 226 
of opposites, 507, 509 
opposite of, 551 
square root of, 1057 
of squares, 862, 1204 
Sum and difference of terms, product 
of, 788, 813 
Supplementary angles, 440, 1028 
Surface area 
cube, 597 
rectangular solid, 429, 469 
right circular cylinder, 802 
Symbolizing opposites, 508 
Symmetry, line of, 1141 
Systems of equations, 994 
solution of, 994 


solving 
by elimination method, 1008 
by graphing, 995, 998 
by substitution, 1001 
Systems of linear inequalities, 1237 


T 
Table of data, 354 
Table feature on a graphing 
calculator, 660 
Table of primes, 79 
Tax, sales, 315 
Temperature, 1195 
apparent, 358 
wind chill, 1053 
Temperature conversion, 1158 
Temperature-humidity index, 358 
Ten, divisibility by, 85 
Ten-thousandth, 178 
Tenths, 178 
Terminating decimal, 218, 497 
Terms, 543 
coefficients of, 759 
collecting (or combining) like, 546, 
760, 798 
degrees of, 761, 798 
of an expression, 543 
like, 546, 759, 798 
missing, 762 
of polynomials, 759 
Test for equality of fractions, 260 
Theoretical probability, 1242, 1244 
Thousands period, 2 
Thousandths, 178 
Three, divisibility by, 84 
Time, 1194 
Ton 
American, 1182 
metric, 1183 
Torricelli’s theorem, 1129 
Total price, 315 
Translating 
to algebraic expressions, 498 
to equations, 50, 287, 603, 611 
to inequalities, 640 
to proportions, 293 
Transversal, 443 
Trapezoid, 409 
area, 410 
Trial-and-error factoring, 831 
Triangle, 394, 408 
acute, 394, 449 
area, 408, 469 
congruent, 449 
properties of, 451, 452 
equiangular, 449 
equilateral, 394, 449 
isosceles, 394, 449 
obtuse, 394 
right, 394, 449, 1087 
scalene, 394, 449 
similar, 462 
sum of angle measures, 395, 618 


Index 1-9 


Triangles, similar, 958, 959 
Trillions period, 2 
Trinomial square, 857 
factoring, 858, 897 
Trinomials, 763 
factoring, 831-836, 841-845 
True equation, 6, 570 
True inequality, 6, 628 
Two, divisibility by, 83 


U 

Undefined rational expression, 906 
Undefined slope, 687 

Union of sets, 1200 

Unit angle, 392 

Unit cube, 428 

Unit segment, 1168 


V 
Value 
of an expression, 507 
of a function, 1151 
of a polynomial, 756 
Value feature on a graphing 
calculator, 1152 
Variable, 42, 486 
substituting for, 487 
Variation 
constant, 974, 977 
direct, 974 
inverse, 977 


1-10 Index 


Vertex, 391, 1141, 1142, 1160 
Vertical angle property, 442 
Vertical angles, 442 
Vertical lines, 676 
slope, 687 
Vertical-line test, 1153, 1154 
Volume 
of a circular cone, 432, 469 
of a circular cylinder, 431, 469 
of a rectangular solid, 428, 469 
of a sphere, 431, 469 


W 
Water flow of fire hose, 1051 
Week, 1194 
Whole numbers, 3, 493 
addition, 11, 12 
division, 25, 28 
expanded notation, 3 
fraction notation, 107 
multiplication, 20, 22 
order, 6 
rounding, 30 
standard notation, 3 
subtraction, 14 
word names for, 4 
Wind chill temperature, 1053 
Word names 
for decimal notation, 179 
for whole numbers, 4 
Work principle, 954 
Work problems, 952 


X 
x-intercept, 673, 1144 


Y 

Yard, 1168 

Year, 1194 
y-intercept, 662, 673 


Z 
Zero 
degree of, 762 
dividend of, 26, 530 
division by, 26, 530 
as exponent, 735 
fraction notation for, 107 
identity property, 506, 538, 561 
multiplication property of, 523 
in quotients, 29 
reciprocal, 117 
slope of, 687 
Zero feature on a graphing 
calculator, 880 
Zero products, principle of, 875, 
876, 897 


Planning for Success 


Success can be planned! 


This text is designed 

to help you succeed, so 
use it to your advantage! 
Learn to work smarter (not 
necessarily harder!) in your 
math course by studying 
more efficiently and by 
making the most of the 
helpful learning resources 
available to you with this 
text and through your 
course (see the Preface 
and Study Tips for more 
information). 


Schedule the time 
you need to succeed! 


At the start of the course, 
use the weekly planner 
on the reverse side 

to schedule time to study. 
Decide that success in this 
math course is a priority 
and give yourself 2 to 

3 hours of study time 
(including homework) 
for each hour of class 
instruction time that you 
have each week. 


Study the Study Tips! 


Even the best students can 
learn to study more effi- 
ciently. Read ahead, check 
off the Study Tips on this 
list that work best for you, 
and review them often as 
you progress through the 
course. One way to use the 
Study Tips is by category. 
For example, if you feel 
that you can make better 
use of your time, cover all 
the suggestions on time 
management. Before you 
take a test, revisit all the 
tips on test taking. 


Bittinger Student Organizer 


Record Important Contacts on this page, including your instructor, tutor, and campus math 
lab. Talk with your classmates and exchange contact information with at least two people so that you 
stay in touch about class assignments and help each other with study questions, etc. 


CONTACT NAME EMAIL PHONE FAX OFFICE HOURS | LOCATION 


Instructor 
Campus Tutor 
Campus Math Lab 
Classmate 


Classmate 


Supplements recommended by the instructor: Online resources (Web address, access code, password, etc.): 


Study Tips 


Learning Resources 
Textbook Supplements (p. 6) 
Using This Textbook (pp. 11, 14, 501) 
Forming a Study Group (pp. 84, 665) 
Being a Tutor (pp. 123, 709) 
Study Resources (p. 145) 
Learning Resources on Campus 
(pp. 151, 659) 
Learning Resources (p. 546) 
Using the Supplements (p. 630) 
Worked-Out Solutions (pp. 134, 715) 


Other Helpful Tips 
Highlighting (pp. 26, 596) 
Exercises (p. 27) 
Solving Applied Problems (pp. 58, 604) 
Tune Out Distractions (pp. 91, 684) 
Skill Maintenance Exercises (pp. 111, 698) 
Asking Questions (pp. 116, 677) 
Have a Positive Attitude (p. 196) 
Homework Tips (pp. 210, 970) 
Making Positive Choices (pp. 218, 525) 
Five Steps for Problem Solving 

(pp. 237, 886) 

Avoid Distractions (pp. 260, 1072) 
Relying on the Answer Section (p. 264) 
Memorizing (p. 282) 
Making Applications Real (pp. 303, 977) 
Working with a Classmate (pp. 325, 875) 
Registering for Future Courses (p. 349) 
Key Terms (p. 392) 
Studying the Drawings (p. 407) 
Including Correct Units with Answers (p. 433) 
Don't Be Overwhelmed (p. 465) 
Small Steps Lead to Great Success (p. 505) 
Problem-Solving Tips (p. 621) 
Checklist (pp. 642, 790, 827) 
Writing All the Steps (p. 749) 
Memorizing Formulas (p. 786) 
Reading Examples (p. 845) 
Studying the Examples (p. 918) 
Working with Rational Expressions (p. 926) 
Are You Calculating or Solving? (p. 947) 
Trouble Spots (p. 1024) 
Avoid Overconfidence (p. 1031) 
Final Study Tip (p. 1142) 


Time Management 
Time Management (pp. 21, 30, 147, 579, 
836, 869) 
Pace Yourself (p. 317) 
Take the Time! (p. 1055) 
Budget Your Time (p. 1106) 


Test-Taking Tips 
Preparing for and Taking Tests (p. 72) 
Quiz—Test Follow-Up (p. 179) 
Learn from Your Mistakes (pp. 261, 867) 
Beginning to Study for the Final Exam 
(pp. 420, 1008, 1050, 1112) 
Helping Others Helps You (p. 735) 


Visit mypearsonstore.com for more information on this text and its supplements. 


Scheduling Success Bittinger Student Organizer 


Plan to succeed! 


On this page, plan 

a typical week. 
Consider issues such 
as class time, study 
time, work time, travel 
time, family time, and 
relaxation time. 


Important Dates 
Mid-Term Exam 


Final Exam 


Holidays 


Other 
(Assignments, Quizzes, etc.) 


Weekly Planner 


TIME Sun. Mon. Tues. Wed. Thurs. Fri. Sat. 
6:00 AM 
6:30 
7:00 
7:30 


8:00 
8:30 
9:00 
9:30 
10:00 
10:30 
11:00 
11:30 
12:00 PM 
12:30 
1:00 
1:30 
2:00 
2:30 
3:00 
3:30 
4:00 
4:30 
5:00 
5:30 
6:00 
6:30 
7:00 
7:30 
8:00 
8:30 
9:00 
9:30 
10:00 
10:30 
11:00 
11:30 
12:00 AM 


Visit mypearsonstore.com for more information on this text and its supplements. 


Using a Scientific Calculator 


Activates secondary functions 
printed above certain keys. 


Also denoted or @®. 


This secondary function 
takes the square root of 
number displayed. 


Squares number 
displayed. 


Used to raise 10 to 
any power entered. 


Finds reciprocal of 


number displayed. 


Used to raise any base to a 
power. Also denoted >, 


.  ~? 


Stores number displayed in 
memory. Also denoted @) 


or @. 


Recalls number stored in 
memory. Also denoted @. 


Clears last number 
displayed but not 


preceding operations. 


Used when 
entering 
decimal notation. 


Allows for 
computation with 
fraction notation. 


Allows for 
computation with 
mixed numerals. 


Used as an 
approximation 
for pi. 


Clears all preceding 
numbers and operations. 
Also used to turn 
calculator on. 


Used to perform 
indicated operation. 


Used to control order in 
which certain operations 
are performed. 


Used to calculate the 
result. Also denoted 


. 
ENTER J 


Used to change 
sign of number 
displayed. 


Geometric Formulas 


PLANE GEOMETRY 


Rectangle 
Area: A= 1-w 
Perimeter: P= 2-1+2-w 


Square 
Area: A = s2 s 
Perimeter: P = 4-5 

Ss 


Triangle 
Area: A=35:b-h 


Sum of Angle Measures 
A+B+ C= 180° 


Right Triangle 
Pythagorean Theorem: 
a? + b* = c2 


Parallelogram 
Area: A= b-h 


Trapezoid 
Area: A= 5-h- (a+ b) 


Circle 
Area: A = 7: r2 
Circumference: 


C=a-d=2-a-r(#and3.14 
are different approximations for 7) 


SOLID GEOMETRY 


Rectangular Solid 
Volume: V=1-w-h 


Cube » 
Volume: V = s3 


Right Circular Cylinder 
Volume: V= 7-1r2-h 
Surface Area: 
S=2-7°r hee aT 


Right Circular Cone 
Volume: V=3:7-7?-h 
Surface Area: S= 7-17 + 7-1-5 


Sphere 


Volume: V = a 


4 
be 
Surface Area: S = 4- m- r? 


Fraction, Decimal, and 


Percent Equivalents 


Fraction | 1 1 1 1 1 3 1 3 2 3 5 2 713 / 4 5 7 9 1 
Notation | 10 8 6 5 | 4 | 10 3 5 5 8 3 10| 4] 5 6 8 10 1 
Decimal = = 7 _ 

Notation 0.1 | 0.125 | 0.166 | 0.2 |0.25] 0.3 | 0.333 | 0.375] 0.4 | 0.5 | 0.6 | 0.625 | 0.666 | 0.7 |0.75] 0.8 | 0.833 | 0.875] 0.9} 1 


10% | 12.5% | 16.6% | 20% | 25% | 30% | 33.3% | 37.5% | 40% 
or or or or 


Percent 


Notation 


123% | 165% 334% | 375% 


50% | 60% | 62.5% | 66.6% | 70% | 75% | 80% | 83.3% | 87.5% | 90% | 100% 


or or or or 
625% | 665% 834% | 873% 


